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Définit
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Choix parmi les possibilités d’assistances pédagogiques
EVF
Proposition d’assistances pédagogiques
Décision pédagogique
Agit
Modifications Informations
Environnement simulé
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Assistances pédagogiques
Agent pédagogique
ITS Choisir
Intervenir
Apprenant
Simulation
Formateur
2. Simuler un raisonnement pédagogique (a) adaptatif (b)
1.(b) Représenter les connaissances
pour la pédagogie
Situation pédagogique
artificiel
Apprentissage
Modèle pédagogique
1.(a) Représenter et simuler l’environnement
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Capacités perceptivo−motrices
déplacement, manipulation d’objets, postures
Procédures cognitives
Procédures élémentaires de traitement de l’information :
reconnaissance de formes, discrimination d’informations
Programmes moteurs élémentaires et coordinations motrices complexes :
connaissances de soi, de ses propres connaissances
connaissances générales relatives
aux situations ou aux propriétés des objets
Connaissances procédurales
" savoir que "
ou de ses propres compétences
Métaconnaissances
Informations qui peuvent s’exprimer verbalement
" savoir comment "
ou des conditions pour mettre en oeuvre ces procédures,         
connaissances spécifiques qui décrivent des procédures
Connaissances déclaratives
"Savoir−faire"MEMOIRE DECLARATIVE
MEMOIRE PROCEDURALE
Capacités qui ne peuvent s’exprimer qu’en actes
Connaissances
Schémas d’actions
COMPETENCES
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− base de connaissances
− comportements
− modèle du domaine
− modèle de l’apprenant
− modèle pédagogique
− ...
ITS
− entité
− opération
VEHA Modèle organisationnel
− organisation
− équipe
− procédure
− action
Environnement virtuel informé
Agent
est composé de
MASCARET
Environnement virtuel de formation informé
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Modèle organisationnel
1
*
1..*
Entity
TeamAgent
Team
Mission
Procedure
TeamRole
Organisation
Role
OrganisationalAgent
Action
0..1
*
behaviors
0..1
1..*
performer
*
_name : string
playRole()
organisationalBehavior()
_name : string
_multiplicity : integer
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Action
+_name: string
+_performer: ArRef<Agent>
+_ressources: vector< ArRef<PhysicalEntity> >
+_goal: string
+start()
+stop()
Operation Constraint
+expression: StlString
rationalEffect
feasabilityCondition
Condition
+_text: StlString
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ErrorAgent
Object3D
Concept_on_Error
+explication: StlString
AgentPackage
BehaviorAgentKB 
*  
*
ErrorAssociationBehavior ErrorDetectionBehavior
+isErrorProcedure(): boolean
+isErrorRule(): boolean
+isErrorAgencement(): boolean
EnrichBehaviorErrorKB
ExternalDocument
+MimeType: StlString
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ActionError 
+_actionName: string
+_conditionsFailed: vector<VEHA::Constraint>
ProceduralError 
+_actionCorrectBefore: string
+_actionPossibles: vector<string>
+_actionDone: string
+_procedureName: string
Error 
TeamError 
+_rolesName: vector<string>
+_organisation: string
+_actionDone: string
+_roleActionDone: string
+_actionsPossibleRole: vector<string>
RuleError 
+_ruleID: string
+_rulesTermFailed: vector<VEHA::Constraint>
TeamProceduralError 
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Fournit les éléments privilégiés pour agir
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Règle R_1_2
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Ensemble P1
Règle R_1_n
Règle R_2_1
Règle R_2_2
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Ensemble P2
Règle R_2_n
Règle R_m_1
Règle R_m_2
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Ensemble Pm
Règle R_m_n
...
Niveau d’abstraction 1, 2 ou 3
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Assistance 1
Assistance 2
...
Assisatnce n
Règle R3_1_1
Règle R3_1_2
....
Ensemble P3_1
Règle R3_1_n
Règle R3_2_1
Règle R3_2_2
....
Ensemble P3_2
Règle R3_2_n
Règle R2_2_1
Règle R2_2_2
....
Ensemble P2_2
Règle R2_2_n
Règle R2_1_1
Règle R2_1_2
....
Ensemble P2_1
Règle R2_1_n
Règle R1_1_1
Règle R1_1_2
....
Ensemble P1_1
Règle R1_1_n
Règle R1_2_1
Règle R1_2_2
....
Ensemble P1_2
Règle R1_2_n
Règle R1_2_1
Règle R1_2_2
....
Ensemble P1_3
Règle R1_2_n
Règle R2_g_1
Règle R2_g_2
....
Ensemble P2_g
Règle R2_g_n
Règle R3_e_1
Règle R3_e_2
....
Ensemble P3_e
Règle R3_e_n
Choix
sortie
...
...
...
favorise
2. Attitudes
favorise
3. Techniques
1. Démarches
Situation pédagogique<< entrées >> : 
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PedagogicalModelClassifierSystemSet 
+name: string
+level: int
CS_System  3 1 
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Condition6 =>   Simplification
Condition8 =>   RendreTransparent y
ChangerTexture de x : = 4
2. Attitudes
3. Techniques
1. Démarches
Attitude réaliser
Condition4
Technique simplication
11
3
intensity = 1
Démarche exposive
Condition20 =>   Réaliser
intensity = 1
Condition10 =>   Montrer
Condition30 =>   Réaliser
1
intensity = 1+1+1 = 3
1
Technique modification intensity = 3+1 = 4
Démarche active
Condition2 =>   Réaliser
intensity = 1
Condition1 =>   Montrer
Condition3 =>   Réaliser
Condition5 =>   Simplification
1
RendreTransparent y : 1 +  4 + 4 = 9
1
=>   Modification
Attitude montrer intensity = 1
Condition70 =>   Simplification
Condition7 =>   Modification
Condition11 =>   RendreTransparent y
=>   RendreTransparent y
Condition10 =>   ChangerTexture de x
Condition9
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Message de l’environnement Liste des messages Action sur l’environnement
Population [P]
Les messages sont comparés aux règles de [P] Les règles déclenchées inscrivent des messages,
correspondant soit à des interprétations sur le monde,
soit à des décisions qui seront mises en oeuvre par des effecteurs
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Point de vue de l’apprenant cible
Propositions d’assistance pédagogique
Point de vue
Formateur
Règle
Trois niveaux d’abstraction des données du modèle pédagogique
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Vue de la scéne visualisée par l’apprenant GQ
Le profil de l’apprenant peut être consulté
1
2
3
4
Vue de la scéne visualisée par l’apprenant SK
Les rôles sont affectés
réaliser la procédure "CatapultageRafale"
L’apprenant GQ joue le rôle "MaitreIA"
dans l’ "Equipe catapulte axiale" pour
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8
L’apprenant peut solliciter un agent en cliquant dessus
Un menu OSD apparaît précisant les actions possibles
L’apprenant évolue dans la procédure
Les rôles qui ne sont pas à la charge de l’apprenant sont joués automatiquement
Le formateur peut consulter le suivi de la procédure
7
Il peut consulter la vue d’un apprenant cible
Le formateur peut solliciter une entité physique
5
Je joue automatiquement le rôle HoldBackeur
Je suis dans la procédure, j’effectue l’action "Aller a avion"
Ensuite, je dois effectuer l’action "Fixer hold back"
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9
L’apprenant sollicite l’action "Aller au train avant"
Ensuite, il sollicite l’action "Informer avance Rafale"
10
11
12
Le formateur peut consulter les statistiques
Le formateur peut consulter le modèle de l’apprenant
1
1
L’apprenant vient de provoquer une erreur
Le suivi de l’apprenant le précise
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Le formateur peut consulter le modèle pédagogique
Le formateur sélectionne une assistance pédagogique
13
14
15
16
L’apprenant effectue l’action correcte
Le formateur peut consulter les règles participant à l’élection de l’assistance choisie
À
Á
Â
Ã
Ä
Å
  	
   	 NcP ﬃ %Q!5%  	 GST6%& ﬁM)
{
 

 #"%$'&
|)(
&%*+
   
  "%+!"
     
 &%&%   % 4 	 &  (
	    
h .q< 02*>?@3 . D 2 e1. D 3 D H%.C: 3 D	. 4;4 . > .C: 3 A 0 :	6 D 4;3 . 2 4 . >0 + 4 . e D +  E 0 E8 u D	.
L 1
 :	6 A7. A  6Yc8 4
HI8K6,D @4 8K6ﬂ. 4 .76 3*2ﬂ0 8K6V:8;H%.  DA 02*2 .76e 0 :	+  : 3G Dx+ DC>?@2 Ad	.76Y @3*3 8 3 D	+.76. 3i3 .7Ad:8 u D	.76 e D +  E 0 E8 u D	.76
6e D AC8ﬁ D .76 e @2G4 .Pe D +  E 0 ED	.
L  d u D	.:8;H%.  Db.76 3 A 0 :	6 3 8 3 D D +-,/.C:	6ﬂ. >dr4 .g+. 2 CE 4 .76YNAd  A D:	. DC3 : 3
6 0 D > 8K6 . +.76'A 0 :	+=8 3 8 0 :	6
L 1
 :	6 4 HI8;E:	. 3*3 . ÊÌ  4 .76 2 CE 4 .76  eie @2 8 D .766 0 : 3 6 D 2  4 8;E: D .76 L ﬃ 8;:	6*8 4 .
< 02*>?@3 . D 2 e1. D 3 A 0> e 2 .C:	+ 2 . 4 . 2 8K6 0 ::	. > .C: 3 e D +  E 0 E8 u D	.g6ﬂ8 > D 4KD
L
h ,  E%.C: 3 e D +  E 0 E8 u D	. e 2ﬂ0 e 0 6ﬂ. D:	. 4 8K6 3 . 02 + 0 :: D .5+-,  6ﬂ6*8K6 3 :	A7.76pe D +  E 0 E8 u D	.76
L@h .i< 02*>?@3 . D 2
.C:Ad 0 8K6*8 3 D:	.
LA1
 :	6 4 .A  6G+. 4 H 8;E:	. 3*3 . ÊÍ  4 .c< 02*>?@3 . D 2J 6 DC4 .7A 3 8 0 :: D'4 ,  66*8K6 3 :	A7. u D8 > . 3
.C: 2ﬂ0 DE%.cA 4 8;: u D  : 3G4grN@2*2 .J+. 4 :	A7. > .C: 3  4 .
 
 < @4 . 4 A @3 eAD 4;3 .. 34 .c+=8 2 .7A 3 . D 2
* q~L	q :X<  8 3 
4 . 2 8K6 0 ::	. > .C: 3 e D +  E 0 E8 u D	.x6*8 > D 4KD H  8 3'@rf0 D 3 8 .X4 ,  6ﬂ6*8K6 3 :	A7.~A 0 :	6*8K6 3 : 32.> . 3*3*2 ..C: 2ﬂ0 DE%.
A 4 8;: u D  : 3i4 .76 2 .76ﬂ6 0 D 2 A7.76V+.76  A 3 8 0 :	6A 02*2 .7A 3 .76
Lh
 e 2ﬂ0 e 0 6ﬂ8 3 8 0 :E D : DC2 8 u D	. DC3ﬂD53*2 :	6*< 02*>D . e 0 D 2
6Y,  +  e 3 . 2/.~4 6ﬂ8 3 D @3 8 0 :. 3 e 0 D 2Ju D	. 4 .< 02*>?@3 . D 2 eAD8K6ﬂ6.'Ad 0 8K6*8 2 D:	.  6ﬂ6*8K6 3 :	A7.'A 0 :	A 2  3 .
L
h ,  E%.C: 3 e D +  E 0 E8 u D	.Oe 2 .C:	+.C:A 0> e 3 . 4 .cAd 0 8 +ﬀD?< 02*>?@3 . D 2
Llq :.Me-. 3 %8 4 + DC3 . 2*> 8;:	.  D 3ﬂ0 
>?@3 8 u D	. > .C: 34 ,/.C:	6ﬂ. >dr4 .?+.76 2 CE 4 .76 u D8 0 : 3 e @2*3 8KAC8e D .X4 , DC4 .7A 3 8 0 : +. 4 ,  6ﬂ6*8K6 3 :	A7.fe D +  E 0 E8 u D	.
Ad
0
8K6*8K. g A
0
D
4
. D
2
+=8 e
DC2
.C:
3
.d6 D
2J4
.H 8;E:	.
3*3
. ÊÎ k L  4  eie 4 8 u D	. @4K02 6 4 , @4 E 02 8 3 d > .x+-,  eie 2 .C: 3 8K6ﬂ6  E%.
@2*3
8ﬁNAC8K.
4
L
q
:ﬀﬁ	: A
0>>
.
4
.
>0
:
3*2
.
4
HI8;E:	.
3*3
. ÊÏ I< 02*3 +. 4 ,  8K+.ﬀe D +  E 0 E8 u D	. 4 ,  eie 2 .C:  : 3 6 04;4 8KAC8 3 .
4
,

A
3
8
0
:A
02*2
.7A
3
.
L
ﬁﬀﬂ (ﬂﬃ
&%"%$

 #+  ﬂ &

 "
ﬀ "!"#
+!"
ﬃ
$ 
 &%
"'
#
$
ﬃ
 $ "%+
{
 
S
*
ﬀﬂ
%
$

"%
+
 
!

%'
%
 
$'
&
ﬀ

$

 
A
 
+
%
"'


+

 

	



 
 

 

 



	
  




 

	
      
	

 
 


	
  





 



 
ﬀﬁ ﬂﬃ

ﬁ ﬂ
 
! ﬂ" ﬂ!

.
#
$ $ %
& 
 $ ï
'

(
)

(
*
(

,
+
#
(
-
(
.

.
/
%


)

)
%

$ ï
#
(
-
(
.
 (
 
0


.
1
23
 

)
-
ï
0



 
% 
4


&


(
)

(
*
(


.
#

$ &
.

(

ï  %$
)

)
%

5



-
%
 6


7

(
-
(
.

8
9
$ 
&
)
.

 
ﬀﬁ ﬂ
.
:
%
6 ï
;
. .


;
.
<
%$

7
 %


)

)
%

$ ï

)
$

(

 
=
.
(

)2 .

9
$ 
&
) .
.
;>

?
& 6



$ ï 
)
2 .

+
*
)

$ $ 
$ %
. .
)

)



@
!
A
B ﬁ C ﬀﬁ ﬂ" ﬂ! D ﬀ
E
ﬂ
A
ﬂ

ﬀ
.
#
$ $ %&   $ ï
#
(
-
(
.

+

)
  

 & 
<F G
.
1
2
3
 

)
-
ï
.


)

 


& 
<F G
%


%
 
 (
& 
) .
%



&
#
(
-
(
.

H
(
*
(   
.
#

$
&
.

(

ï
.


)

 


& 
<F G

I %
)

. H
(
&

%

)
$ (

)
%

H

J
 

&


.
 ?$


%


%
 
(


(
& 
)
.
%


H
(
*
(

 

@
!
A
B ﬁ C ﬀﬁ
.
:
% 6 ï
K

-
% 6  
.
<
%$

7
 %


)

)
%

$ ï 
)
2 .
 (

I
&
.

6
$ $ ( ? 
.
;>

?
& 6



$ ï 
)
2 .

+
6
$ $ ( ?
 %
 
 


5
$
8 L
 %

7

 


5
$
8
$ (

$  %

$
)
7



(

)
%

$
& 
.
$

M
.
$
@
!
A
B ﬁ C ﬀﬁ
N
ﬂ
 
O O ﬀ
N
ﬂﬁ ﬁ ﬀ
P
ﬂ! D ﬀ C ﬀ!

.
#
$ $ %
& 
 $ ï
Q
(
 



.
(

 
6


,
+
#
(
-
(
.

+
 (

(
 &
.


+

)

 


& 
<F G
.
1
2
3
 

)
-
ï
.


)

 


& 
<F G
%


%
 
 (
& 
)
.
%



&
#
(
-
(
.



2
(
)
$ $ 

$ (
2
(
 



.
(

 
6



.
#

$
&
.

(

ï
.


)

 


& 
<F G

I %
)

. H
(
&

%

)
$ (

)
%

H

J
 

&


.
 ?$


%


%
 
(


(
& 
)
.
%




2
(
)
$ $ 

$ (
2
(
 



.
(

 
6



@
!
A
B ﬁ C ﬀﬁ
R R R
$
&
)
*
(



5
$
8
S
ﬁ
T
B ! ! ﬀﬁ
N
ﬂ
 
O O ﬀ
N
ﬂﬁ ﬁ ﬀ
P
ﬂ! D ﬀ C ﬀ!

.
#
$ $ %
& 
 $ ï
Q
(
 



.
(

 
6


,
+
#
(
-
(
.

+
 (

(
 &
.


+

)
.
%


.
1
2
3
 

)
-
ï
.


)
.
%


-
(
)

2
(
)
$ $ 

.
(
2
(
 



.
(

 
6



.
#

$
&
.

(

ï
.


)
.
%



I %
)

. H
%







$  




.
(
2
(
 



.
(

 
6




&
#
(
-
(
.

=
4
(
&


& 


.
(  (

(
 &
.


S
ﬁ
T
B ! ! ﬀﬁ
.
:
%
6
U
1


%
 


.
<
%$

7
 %


)

)
%

$ ï 
)
2 .
 (

I
&
. H
%




.
;>

?
& 6



$ ï 
)
2 .

+
%




V
W
XY 
W



	

Z

[




   ﬀ
\ \


  
\
  


]
 






ﬀ
\ 


 ﬀ 

ﬁ 

ﬂ
{




 #
"%
$'
&
|)
(
&%
*
+
|$
 
ﬀﬂ
 
	


 





	

D















ﬁ
ﬀ

ﬃ
ﬂ 

!
#
"
ﬂ
$

%

&


'




&


(8
D
)


D


"




b
e
 

e


 
&

*

"



ﬁ
ﬀ

+


 





',

+
ﬂ
.
-

	
-
0
/
1
"


)
1&

ﬂ
ﬂ 

"
ei
e


1
"
ﬂ
$

3
2
ﬁ
ﬀ

-

'
"


eA
D



&

4
1



"5


 


"

1&
&




D
4
ﬁ
ﬀ

+


 




',

+
ﬂ
"
D6
ﬂ
#
"




7

&




!
"




"
ﬂ
$




/
q
8
:
9;

ﬂ<
20
1&
=
1


1&
=
e
ﬂf
e>


',

ﬂ7

ﬀ?
"
1&
1&
&



.@
A
"B

=
e

&

 

ﬃ
ﬂ
"
ﬂ
$

C

&


1



"5


 


"

1&
&

O
e


ﬂ
"
ﬃ
ﬂ	


D
)

&

)

+
ﬂ

ﬂ 
&

D
2

&

)
&
(8
D

e;
&

4

ﬂ

&

O
e
 

1&
&
ﬀ
D

&


/F
E0
"5

1



 
&
(8
D

+
ﬂ<
2

&




!
"





"
ﬂ
$



4
1




ﬂ

ﬂ
D

ﬃ
ﬂ
A
"

#

D

G
1



"5


 


"

1&
H
(8
D




ﬂ

ﬂ

J
I

D




.K
ﬁ
ﬀ

-
>
/
1
"




L
1
"

M


ﬁ
ﬀ?
"
ei
e


1
"
ﬂ
$

8

N

'c
e


M
-


	
-

2

,
'




O

ﬀ

-


ﬂ
ﬁ
ﬀ

+


 




',

+
ﬂ

ﬃ
ﬂ

ﬂ 


'c
e


',

+
ﬂ 
&

)

\
e
"5
#
"5





/
P
&

Q




$

ei
e>

',

ﬃ
ﬂ 

4

G



ﬃ
ﬂ


&

)
(
D
X
e
"5


J
1


G
(8
D



D

ﬂ<
2N
1&
	
(8
D

ﬂ 

'


!R

S
ﬀ
D%
1
"5
#
"
1
ﬂ


H
!





(
D
S

J


ﬂ

H
'







"
ﬂ
$



R
K
@
;
A


_
G

;
#
Q9

;
K
5M

ﬃ
ﬁ9
Q9


?=
ﬃ
8
>
Y
>W
ﬃ$
?


S
89
ﬃ$
#


R
K
@
;
A


_
G

;
#
Q9

;
K
5c

G

;
#
%
>
;:
I9
w
@
;


=
ﬃ
ﬁ=
;
_
G

;
#
Q9

;
K

ﬂ
-ﬂ
;W
1ﬂ
*


	
u

ﬃ
ﬁ9
Q9


?=
ﬃ
8
>f
?
;$
ﬁ9
F.
P
K


;

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
U
R
F
F9
9
ﬃ:
G:

?=
ﬃ
8
>
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

R
K
@
;
A

:
J

ﬂ
F

K
5U
:
F
F9
9
ﬃO
%ﬀ
>
;:
I9
w:
J
R
_

R
@


Y
Z

ﬂ
F

K
 E
ﬂ
ﬁ
ﬃ



	
u
G


K
Z
;$
ﬁ=
;:
>
?U
A=
ﬃ:
G
W
ﬃﬂ
;
KM
T


:
F
F9
9
ﬃ
1
5
G
K
;

?
;

Y
>.

?
:
>.
G:
;



Y
Z

ﬂ
F

K
 E

ﬁW





	
u
G


K
Z
;$
ﬁ=
;:
>
?U
A=
ﬃ:
G
W
ﬃﬂ
;
KM
T


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



_
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	

R
K
@
;
A


Y
>
?
;

9
ﬃ$
Z
;:
>
?

Q
?
8:
K=
ﬃY
>
Z
_
a9

?9
;$
ﬁW
5
ﬃ$
?9
X
%ﬀ
>
;:
I9
w
Y
>
?
;

9
ﬃ$
Z
;:
>
?

Q
?
8:
K=
ﬃY
>
Z
_
a9

?
;$
ﬁ




ﬃ$
?9

1
5
G
K
;

?
;

O
:
F
F9
9
ﬃ
1
5:
Z
;
?

;

:

Z
;
_
;
K
S=
ﬃ:
G
;




	
u
G
8Y
ﬁ
ﬁ9
Q
>W
ﬃ:
G:

?=
ﬃ
8
>f
F

Kz
ﬁ=
;

:

Z
;

:
F
F9
9
ﬃ
1
5:
Z
;
?

;
$
ﬁ^






	
ﬀ
8:
K
Z
:
>W
ﬃ:
:

?=
ﬃ
8
>.

#
;ﬀ
J
R
_

R
@
K
;
?
Q
K
>

Y

G

;
#


ﬁ
1

e

D

<
2J


D

n
e

D





#
"
ei
e;




(
D


&

U
'




&

)
D
ﬂ




 
&

n
e

D



ﬁ


V

&

W

ﬃ
ﬂ

ﬂ 
&

X


ﬁ
ﬀ

+


 




',

+
ﬂP
gY
'




Q
Z7
[
\;
-
k

ﬂ
e

D



e>
&
1

ﬁ]

^
A
"
e
"5

ﬂ




!
"




"
ﬂ
$






R
2ﬁ
!`
_
	
/5

&

^
&
(
D

e;
&

^

ﬂ

&


e
 

1&
&
ﬀ
D

&


g
0


b
a/
*
-
%
5 
, 
#

3
E
#%
$;
3


&
-/
*
k
2&



ﬃ
ﬂc


ﬁ



c


	
d
Pe
/<
Ef
"5

1



 
&
(8
D

+
ﬂ<
2
ﬁ
ﬀ?
"
ei
e


1
"
ﬂ
$


M
-


	
-

&


ﬂ
e
#
"
ﬂ

(8
D

',

+
ﬂ0
!




&
g

S
ﬂ

ﬂ
"5


ﬂ 

/
ﬃ





2
A
"
!





1

ﬂ 
g

&

h
'




&

t
e

&

 

ﬃ
ﬂ 
&

t
e;


',

ﬂ

G




$

ei
e>

',

ﬃ
ﬂ
#
"
e


H

ﬀ?
"
ei
e


1
"
ﬂ
$




/
i*


y
e

D

<
2
A
"
'







"
ﬂ
$

O


ﬁ
ﬀ

-


4
1








O
e
"



&

g
1



"5


 


"

1&
&

g


D

D


"
ei
e


1
"
ﬂ
$


e
"5

ﬂ

1
D




5
jl
k
2>




D
ﬂ





"
ﬂ
$

U
&

 
ﬂ



1.
!





(
D

/;
E0

D
J



D


ﬂ


J
A
"
!





1

ﬂ 
K

M


ﬂ


e
 

e





ﬂ
$

3
2N


D


e

&

#

+
ﬂ




ﬁ
ﬀ

ﬃ
ﬂ 

!
#
"
ﬂ
$

m

S


ﬂ

G
'







"
ﬂ
$

%

ﬀ

-


"


4

ﬀ?
"
D
ﬂ

&


"
ei
e


1
"
ﬂ
$




/
	

D


"






&
1

&

D
C

ﬃ


 




',

ﬃ
ﬂL

&


ﬂ



.B
A
"
I


'
"
ﬂ
$

C
(
D
)
"

"5

ﬂ,


,
.
I
"5

ﬂ
ﬁ
ﬀn

oﬀ


ﬂ

ﬀ
D
%
1
"






D


ﬂ
#
"
ﬂ

I
e

D
4

P
e
 
?


ﬂ	
p6
-
D
q
-

[
r

ﬁ
ﬀ?
"
ei
e


1
"
ﬂ
$

V
s>
t
q;
u3
v
tN
Z7
w^
jﬁ
xy
g
ﬃ/
D



&
1M

ﬂ
"5
ﬁ
/
2






or
k
g


/h
y
!
D

O
z
/
5
{	
k:
/
q


y
e>


',

ﬂ.

ﬀ?
"5




.=
A
"
I


'
"
ﬂ
$

|

&



}
1




.


"
e;

D



$
e

'c
e





.
A
"
!
&


ﬂ
$



e;

#
"
ﬂ
$






H

ﬂ
"
D@
1

'7
'
"



',

ﬃ
ﬂ
/F
P
&


"
ei
e



"
+
ﬂ 

g
~

D

ﬃ
ﬂ

&





&

4

&

)


9;



ﬃ
ﬂ 


1
d
:
I`

4

J
!
 

Di
e;
&



+
ﬂ 





"
ﬃ
ﬂ
$



)


ﬁ
ﬀ


1



+
ﬂ<
2>

ﬂ

	
I


'
"
ﬂ 

D

e
"5

ﬂ

1

e;

.K
A
"



'2
D
A
"
ﬂ
$

v
e

D

e
 



(
D



&

4




I


1
ﬂ
$




',

ﬃ
ﬂ 

<
2
"5



4

&


"
ei
e



"
+
ﬂ 



DK
~

D


D




S

"



D

S
&
(8
D

e>

/
1
"



1&

ﬂ
ﬂ 

"
ei
e


1
"
ﬂ
$

3
2=
D

M
&
(
D

e;
H

H


"
e>

D



$
e

'c
e







'7
',
&
M

E*
-
g


D

!


E

'c
e;

-c




kJ
"
e

D
	

&


e




"5
o



ﬂ 
K

ﬀ?
"
ﬂ
ﬂ
"
(8
D

G
ﬁ
ﬀ


1



+
ﬂ
g

ﬂ 






D
m
I




2
#
"5


ﬃ
ﬂ

G
A
"
e
 

!

&

#


$



ﬀ
D

	
I

D

ﬂ 
G

S
!
"

2
	
 

/
k:
/


G
&
(
D

e;
G

E*
-
&


ﬂ


!
"



 
&

"
D
ﬂ

D


G
1


(



&




G
1
d
:
I^

ﬀ?
"
!

&

<
2
A
0
D



Ł


Ł
N
ﬁ

:
?

]
+


ﬁ

:

:
?


Ł
`
ﬁ
Ł

ﬁ




`
`

&
5
Ł
]


?


:
<

Ł
ﬁ
]
c

:

`

D
Ł
ﬁ
Ł
]


5



?
4


;
Q

Q

ﬁ
?

?
?
;
D

Q
<
D

?


^



 5
 D
ﬁ


#
&
3
`
:
&



Ł
¡5
5
n
3
 R
:
D
3

¢5
:
&
5
f

 5
 
?


#
ﬁ
?
:
+
£
A
¤f
¥

&
(
¦
<
§
$
¨
<



ﬁ
n
ﬁ
^
Ł
c
©c


?
n
ﬁ
^
ª0
n
`
ﬁ


?


£
ﬁ
ﬀﬂ
 
(ﬂ
ﬃ
&%
"%
$

 #
+
 ﬂ

&


"
ﬀ 
"
!"
#
+!
"
ﬃ
$$

 &
%
"'

#
$
ﬃ

$
"%
+
«

«
*
ﬀﬂ%
$

"%+ 
!

%'%
$'&
ﬀ 
$ 
 
+
%
"' +

	

¥

¦
À
Á
Â
Ã
Ä
Å
  ﬀﬂﬁﬃ "!$#&%(')!+*"!-,/.$0$1(!-*(213,4'65 2%(%(')7).82:9;7=<>1@?ABDC+A"E&6F

B1HG:IMJI
o
K',m
ﬀ?"5
',ﬃﬂ
"
ﬂ
$
32
ﬁﬀ
&(3I
ML


JI
o
K',B
ﬀ?"5
',ﬃﬂ
"
ﬂ
$
32

%1HG:I.JI
o
K',

ﬀ?"
ﬂﬂ
"
(IJﬂ
ﬁﬀ
&(I
ML


JI
o
K',J
ﬀ?"
ﬂﬂ
"
(I
/bPgﬀ
ON 

1

1&J


'PI




L
&
#+ﬂ &I)I6I

ﬂ 		!
"RQ

SI

Im


ﬂ 

JI
 ﬂ



2
ﬁﬀno
~&1ﬂ

I&
ﬂ	H',ﬂﬂ



&

L>ﬀL
I
A"
ﬂ
$

JU
 &1TI

ﬂ R2

&JI


A"@L ﬀL]"
!
"
ﬂ
$


ﬁﬀ 
1

ﬃﬂﬂ
L 
ﬂ !
4
&
1

ﬂ 

&
)@1
"

4
ﬀ 

 F"
'7'
"
ﬂ
$
UJI@I
"
!
/
U
-WVXD-WYUﬂ	s>t
q;u3v
tNZKw3


+ﬂ4&

"RLL
1
"
ﬂ
$

4ﬂ
HZ

Q


'
A"5
&

/J[
@:9hﬂ<2b

&
Q


+ﬂQ&
ﬂ

&&

\
ﬁﬀ?"RLL
+ﬂ


#

"
!
L 
1&&JI
#"5
ﬂe1
A"5o>#"
ﬂ

I
/i

y
1
A"
+ﬂ
A"	

L
&
 +ﬂ
"
ﬂ
$
O&
^1


"5

 

"
1&&

I

I




L]"5H
,'


Z
LZK[\h- ﬂ

 0 
ba*/- %5/,&#;3(](#($3+-*2
ﬁﬀ 
+ﬂ !
#"
ﬂ
$
87

ﬂ

@^;_


ﬀ?"
'
"

"
I1TImﬂ
#"

"5

HI
LL
',+ﬂ
"5

/ 
TI

&


&

HZ
!

&
	
ﬀ
I

"
!R2

&
	

TI


G1
A"

 


(I&
	ﬂ

&

o
~ﬂ 

\
1









"


ﬁﬀ 
'
"
!4','



)JI7'


Z
Q
ﬁﬀ?"RLL

"
+ﬂ

+ﬂeﬂ 
L
&1


 &

/R
ﬂ



(IG1&&


NI

'
"
ﬂ
$

4
L
TI+ﬂ)
"
I1TI%1
"

+`ﬂ

G!

(I&

/
U
-WVXD-WY|ﬂSs>t
q>ucv
tNZ7wf


ﬃﬂ	&
ﬂ

&

\
ﬁﬀ?"RLL
+ﬂ


 

"
!
L 
1&&JI
#"5

"

aIU1
"



L 
I&
 


$

ﬁ/>	
I
	



L>




	
ﬁﬀ?"RLL
1
"
ﬂ
$
cb-d[fe
E0ﬀL>


1

ﬂ
"5ﬁ/
2hg"i"i
{Jj
(I



9
Z
R2>
"



.
 

ﬀk



L ﬀL>

#H
ﬀ?"RLL



A"K
&1ﬂSI

.
"

lI@'

TIU
 1
A"5

/F
I
ﬂ
#"

"5$


"
1ﬂSI

',ﬃﬂ
\
ﬁﬀ 
ﬃﬂ !
#"
ﬂ
$
BJ


Q'


Z
&
4
"

)1&ﬂ4ﬃ
 
',ﬃﬂ
/FPgﬀ?"


L
&1ﬂQ


L 
1&&JI
#"5
ﬃﬂ
#">m
H&

'


 y
1
"
ﬂ
$

)

ﬂ

	'





"
ﬂ
$
32N(3I


 


ﬂSI+ﬂ
"
I}


"
I 
A"
1
"5#"
1ﬂ 



"
ﬂ
$
@&
*

TI



ﬂ&
Q1


"5

 

"
1&&
Q1

ﬃﬂ 3I&
4
"


A"



ﬂSI
"
ﬂ
$

L
&
"
!

!

(3I
/


ﬂ4JI=1
"5#"
1ﬂ
Z
J!

(3IG


ﬂ


L ﬀL;



ﬂ
$
32



&
ﬂ S
A"
'





"
ﬂ
$
m&
ﬂ4

&1ﬂ ',+ﬂnIﬂ



"5o

/]	
I

L;
I


)!
"5
 
',ﬃﬂ)


I

!R

(IJ

I
)1


#




+IG!
#"

L]"5
ﬂ

M&

HZ
!

&
)JI '


Z

L
&
"
!

!

(3IM(3I

G


ﬃﬂ
L]"



&&

\
A"


ﬂ
$
B
L 
1&&JI


/
o
ﬂﬂ 	
 &1ﬂ
$

L 5y
ﬂ ))1&&
ﬂ
 


"RLL
1
"
ﬂ
$


L;
I
g#"RLL





L 
1&&
 
HI
g1

'
L
ﬂ
L


',ﬂ 
ﬂ
"
ﬃﬂ)
ﬀno
ﬂ 

I@ﬃ
 
',ﬃﬂ

ﬂSI

JI

'
"
ﬂ
$
ceSprq
/Ny
!"I

Hz
/
gRz
j:/
«
 

 #"%$'&ts
(
&%*+
s)$
 ﬀﬂ 
À  
	
Pc" 1  1& L ﬂ $ m ﬁﬀ [ﬁﬀ  
 ﬀ :9;&1ﬂSIH@ﬂ   
4ﬂ "RL &
 
ﬂﬃ
Peﬀ ON L   ﬂ	JIU  ' "5 Kﬂ  .1  1& L ﬂ TI   ﬁﬀ [ﬁﬀ  
 L &1  y +ﬂG! 
d
P| &
)'   Z &
nIﬂ  
 &

 " 
  &
 "RLL 1 " ﬂ $ 
e
U - VXD-WY02>s>t q;u3v tZKw3ﬂ-b+d[ j:/
o &
'   Z &

  ﬃﬂQ
SI  ﬂ JON L; ﬂ &

" I=I  ' " ﬂ#"
d ^ /
$%ﬃ'&
ﬀ?"RLL I)( " ﬃﬂ	
SI  1&&
)'   Z &
<2  S1  1& L ﬂ TI   ﬁﬀ [*ﬀ ﬂ  JI  ' " ﬂ TI  1  
ﬂ  I  
 ﬃﬂ  &
  
 
ﬂ " 1&&
QIﬂ  
 " ﬃﬂ+I $ !  1    &   /Peﬀ 
 ' o GG1&&
  
ﬂ " 1&&
QI  ', ﬁﬀ +   ',+ﬂ
(I  
#  ﬂf o]" 
  " IJNMON  1  1&&
 /Peﬀ +   ',+ﬂ*&
ﬂ "5$ 
f&1  ﬂe " 
WI y 1$G   g" IHI  ' " ﬂ
" d
Pg/
+,ﬃ
P &
	  &&
	1  +ﬂ 3I&
G " 
  &
 y 1$G    
"
d ^ﬂ-" d
P L   ',ﬂﬂ ﬃﬂ A" 1   " ﬂ $ B&
 "RLL 
1 " ﬂ $ 
 /
Á  
		).
/10210354767
[

L]"5#"5Z
R2


L
&
"
!

!"I,

L
&1
 y


&

HZ
!

&
G1

+ﬂ 3I&
.
"



.'


Z

L
&
"
!

!

(I
/hP

I

'
"
ﬂ TI



L
&1
 y

ﬁﬀ
ON 

1

1&
\


"5

 

X
 

&1ﬂ
$

"
+ﬂ

&


!
"




"
ﬂ
$

Mﬂ

&

L 
1&&JI

&

\


"5

 
</
^

:9;&1ﬂSIH!
"5
',+ﬂ
ﬁﬀ?"
9h&1ﬂ
"
ﬂ
$
B&
)

9;

ﬃﬂ 


K

&

/
Â 87:9'6/1
P
&

"RLL

"
ﬃﬂ 
)

Iﬃﬂ)
"


A"



'I
A"
ﬂ
$
B=
#

&1ﬂ
$

"
+ﬂ

&

"
1ﬂ
$

4(I
ﬀ 

Q


IG
"5
ﬂ ﬃﬂ


"5

 
</HPgﬀ
^/_
&

9


"5$


"
I I

'
"
ﬂ TI

I 
HI



&

L 
1&&JI

&
<2M&

L


I

'
"
1&&
<2.&

"
1ﬂ



ﬂ &
Oﬂ}1
"5#"
1ﬂ 


ﬂ

(I&
=
ﬁﬀ?"RLL

"
ﬃﬂ<2*ﬂO
A"



ﬂSI
"
ﬂ
$

L
&
"
!

!

(3I
/*Peﬀ
^;_
&
:9h&1ﬂSI
&

L ﬀL;



ﬂ
$

@
ﬀ?"

 



 ﬂ
"
1&&

L
&
"
!

!

(3I&

"
I I

'
"
ﬂ TI

eY'

W'
"
I
 j 
I

&

"RLL
(I


&1ﬂ ',+ﬂ	
"


ﬁﬀ
+
 
',+ﬂ eY'


"
Iﬂ

'
"
ﬂ

(3I
j:/
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H
«
1R
 

<?
P

EO
F
D3
H
 
K

PN
P
J
E
B2
<
F
E
I
>

J
H'
PN
DN
I

H

F

	

¥


¦
Expert du domaine Concepteur de l’EVF
Formateur
Apprenant ApprenantApprenant
Agent pédagogique
Formateur
Pédagogue
Formateur
Système
Organisations
SécuRéVi EVEGASPAR
Créateur d’instances
GASPAR − description UML 
SécuRéVi − description UML 
EVE − description UML 
Suivi de procédures Suivi des performances Suivi de la situation pédagogique Suivi des activités de l’apprenant
paramètres ITSConsulter les caractéristiques de l’apprenant Proposition assistances pédagogiques
Concepteur de l’EV
Conception de l’EVF Conception pédagogiqueSimulation
À
Á
Â
Ã
Ä
Å



	 



 



\





\




 ﬀ
]ﬂ
ﬁ



\
ﬃ
ﬀ \

\
 

[

\ \



\

 

[

ﬀ

] ﬃ

!

[ 
ﬁ



\#
"
«
%
$
 

G?
D3
E
B
s
@
B

H
 





	











	





ﬀ
ﬂ
ﬁﬃ


D
-!
 
V)
1&
Q
'
"

I

 
1


ﬂ

Q
ﬂS
G
Z

#
R
2


I


"





L
 
ﬀ
L>


#

I
,
'


Z

)

ﬀ
^/
_
&

&

 
ﬂ



\
ﬁ
ﬀ?
"R
L
L


+
ﬂ


 


"
!


6
1

'
L

ﬂ 


1&
&

U



ﬃ


 




',

ﬃ
ﬂW



ﬂS
I

ﬁ
/
o
|
1H
G
"R
L

ﬂ

|
&


ﬂ
ﬁ
ﬀn

1&
1
"


$



X


&

 

 


I

o

A
"
|

O



M
ﬂ
#
"

"
IJ
N;
2f

O



 
1T
I
ﬂ 



&


"R
L
L>


ﬂ 

K

L


ﬂ


L
 
ﬀ
L;




ﬂ
$

8

ﬂK

ﬀ

+




"
!


1&


ﬂ
"5


&


L




L
&
1
ﬂ


&


/
"$
#&
%

(
'
*
)
Pe
ﬀ

ﬂS
I

4
(
I



I


"





L

&

 

+
ﬂ 
&
)
1




ﬂ

ﬂS
I

I

Q
1

+
ﬂ


o
I
ﬂ
$


"
IJ
NK

ﬃ


 




',

ﬃ
ﬂ 

g



ﬂS
I





*
I


'
"
ﬂ
$


/+
E^

I


L]
"5

ﬂ

1T
I


Z


',

ﬃ
ﬂ<
2+


I


"





L
 
ﬀ
L;


 

I


"R
L
L
 

1H
G
Q
I



&
4

H
I
^

&

,
+.
-&
+0
/2
14
36
50
+
/8
79
/;
:ﬂ
<.
=;
50
>?
+@
=B
AC
/2
54
>B
>D
=
?
50
AC
/E
+
/
P
K
1H
G
"R
L

ﬂ


g}


ﬀ

ﬃ
ﬂ 


&

 

 

"
IJ
Nm


(b


ﬂ
Z
',
&



N
I


'
"
ﬂ

(3
I
&

G

&

 
ﬂ


&


\
A
"
I


'
"
ﬂ
$


/>
	

I


L
 


L>









'

+
ﬂ


Q
ﬁ
ﬀ

ﬃ
ﬂ 


`
ﬂ4


A
"
F

"5


ﬂ 

ﬀ


ﬂS
I




e
F
ﬀﬂ
j

ﬂ*

&


&
(N


ﬂ
Z
',
&


_
I
ﬂ






-
^
+
ﬂ 




!

+
ﬂ 


er
^/
_
&
j
L;

I
*
ﬁ
ﬀ?
"R
L
L


ﬃ
ﬂ


 


"
!
G

J
1

'
L

ﬂ 


1&
&


/
P
&


^/
_
&
L


',

ﬂ
ﬂ 

+
ﬂ4




L

&

 

ﬃ
ﬂ 


2



I


A
"
I


',


G
'


Z

&

<
2

&



N
I


'
"
ﬂ
$





H
I

I
%


'
"5


H

ﬀ?
"R
L
L


ﬃ
ﬂ


 


"
!
R
2
ﬁ
ﬀ?
"R
L
L



"
+
ﬂ<
2
A
"
1

'7
'
I


1
"
ﬂ
$



+
ﬂ


ﬁ
ﬀ?
"R
L
L



"
ﬃ
ﬂ}

ﬂ

O


(b


ﬂ
Z
',
R
2f

ﬂ

&

K
',

ﬂS
G


&

7

ﬀ



 


!R


',

+
ﬂ
/
^



"

"5

(N

 

+
ﬂ

&


"
1
ﬂ



ﬂ 
&




ﬁ
ﬀ?
"R
L
L



"
+
ﬂ7

ﬂ
L
 
ﬀ
L;


 

ﬃ
ﬂM

&


"

 





ﬂ
"

1&
&


L
&

"
!

!

(
I
&








J
I
"5



 
&
&


/0
Pc
"G
F
ﬀ
&

 
ﬂH


y




 

$


ﬂ
 




"
N
&

@
H
"
I
ﬂ



'

R
2

+
ﬂ 

#
"
1
ﬂ
$

U

ﬂ

'7
',




$


/
Pe
ﬀ?
"
I
ﬂ



'


L


',

ﬂ
A
"

"5

A
"5
o



ﬂ 
M

&


1

+
ﬂ 
O
NN
ﬂ 
&

<
2;
1&
M
(
I

1




ﬂ

ﬂS
I

I

M
1




ﬂ
$

U

&
1&
&

 


"5



\
A
"
1



 
ﬂ

I
1
ﬂ
$

U

K
1

'
L

ﬂ 


1&
&

J
ﬂ
#
"




I

#
"5
o

&


/e


I

L


"5

I



L



S
I

ﬂ 

ﬁ
ﬀ

ﬃ
ﬂ 

!
#
"
ﬂ
$



&


^/
_
&

"




&


[
+


 




',

+
ﬂ 


ﬀ


ﬂS
I



O





'
"
ﬂ
$

f
e
[*
ﬀ

j
O
N



ﬂ
"
+
ﬂ 


/


I

Q
'

ﬃ
ﬂ
 




(
I
G
1&

ﬂ
ﬂ 


ﬃ
ﬂ 

!
#
"
ﬂ
$

m
&


ﬂ
"
1
ﬂS
I




',

ﬃ
ﬂ


'

ﬂ 
&

/
IG
"




H
1H
G
"R
L

ﬂ


N
2]


I


L
 
ﬀ
L>






a
I

M
'







"
ﬂ
$

W
J
Im

C
(b

 
ﬂ
Z
',
H
ﬂS
I
ﬂ




0

+
ﬂ 




!

ﬃ
ﬂ
/h
Pc
"


L

&

 

+
ﬂ
"
ﬂ
$

O

&

e
1



"5


 


"

1&
&


L>


ﬂ
"
ﬃ
ﬂg

S
I
^
ﬁ
ﬀ

ﬃ


 




',

ﬃ
ﬂ*



'P
I

4

ﬂg

S
I
^


ﬂ
#
"

"5


\


"5



 


e
L
 

1&
&
J
I
#
"5


ﬂ
1


A
"5
o;

#
"
ﬂ

I
j)

9


A
"
L;


 



o



ﬂ 
H

H
'
"

M
L
I


J

&



N
I


'
"
ﬂ
$



	

&
1&
&

 


"5


&


\
A
"
L



 
G

S

&
1



$


L
&

"
!

!

(
I

/
 

'


Z

S

ﬀ

ﬃ
ﬂ

ﬂ 
S



ﬂS
I



R
2
I

'


Z




!
"




"
ﬂ
$






ﬂ

&



A
"
!
#
"
'7
',
&

G

ﬀ?
"
1
ﬂ



ﬂ 
&


 
d
P


I


L


',

ﬂ
ﬂ 

+
ﬂG





y


1&
&



N
I


'
"
ﬂ
$




/
o
&

J
1



"5


 


"

1&
&





+
ﬂ4
I
ﬂ




#
&
&


L]
"5
e
ﬁ
ﬀ
^;
_
&
"
I7
ﬂ
#
"




*


L

I



T
I


e
'


Z

&

l
e


'
"5


R
2
"R
L
L



"
+
ﬂ<
2+



T
I

2

+
ﬂ 


I
"
1&
R
2
I


'
"
ﬂ 
T
I


ﬂ
L
&

"
!

!

(3
I

j=

'
L


',

+
ﬂ 
&

%



I


A
"
I


',
W

ﬀ?
"
!

+
ﬂ 


/
 )


"

"5

(N

 
U

&



K

&

@


1H
G
"
1T
I
8


y


ﬂ

T
I
K
o]
"

 
L

=
1



"5


 


"

1&
&

7

ﬂ

T
I


K
1

'
L;


ﬂ 

',

+
ﬂ 


L]
"5

ﬂ

1
M
L]
"
ﬃ
ﬂ
\
A
"
L



 
=


;=
<?
>
@?
AC
B3
D3
E
F=
G?
H'
G?
I
B2
F
I7
D2
<J
FL
KL
M7
HN
D3
AC
EO
I
>Q
PN
DN
I2
M
EO
AC
I
EO
D3
H
«

 
 
<?P
EOFD3H  K
s
E=<?>=H
F=P
H
D3ACPNH
B2FEM7H
A
&1  
 $  / ^  
 "  "5 (N
 +ﬂ  &
 " 1ﬂ    ﬂ &
U ﬁﬀ?"RLL  " +ﬂV " 
 ﬁﬀ I    
  I ﬂU1 "5#" 1ﬂ   
 +ﬂ<2G
' "  Z !  (IR2  &
^  TI  
e:9h&1ﬂSI&&
 /RP &
  ﬃﬂ  #" 1ﬂ $ 
g+ﬂ   " !+ﬂ 
 L  JI  
 +ﬂ IK
#' o 
 1   "5 
 
 " 1&&
D2 "RLL   8
  ﬂSI " ﬂ $  L & " !  !  (3IR2G1  
     L; I  
  'I    I #"5 
  ',+ﬂ
L & " !  !  (3I /3[^ QI  I    ﬂ  &
g1   "5 
#
 " 1&&
 L   ',ﬂﬂ " +ﬂ* ﬀ  +ﬂ  y   &
g
  ﬂSI " ﬂ $ 
 L]"5 ﬂ  1TI Z &

ﬂVON ﬂ #"5 ﬂ6 ﬁﬀ ﬃ   ',ﬃﬂ &
  &
 
  I  1&&
 L   !  &&
 L> I  &1  1$G  &
 " 
 
  
ﬂ " 1&&

L & " !  !  (3I&
 /
IG" 
  G1$G "RL ﬂ   { 2b  I
 L &
 ﬃﬂ  
  J'   Z S ﬁﬀ?" !+ﬂ L & " !  !  (I /E^ I
 L &1  
#',+ﬂ<2
  I
&1    
  	1  ' L> ﬂ ',ﬃﬂ4 L 
 J	&1  
 $  (3I  :9;&1ﬂSI  &
 L ﬀL; 
  ﬂ $ 
 ﬀ?" 
 
  
ﬂ " 1&
L & " !  !  (3I " I I  ' " ﬂ TI </  HﬂSIH&
 "5 1HG  ﬂ &1ﬂSI  &
J1  ' L; ﬂ ',+ﬂ "5 &
JON  
 ﬂ " +ﬂ &
<2]ﬂ  " +ﬂ
1  ' L ﬂ &
 o &
  
e}ﬂ   ',))
 L &1  y 1 " ﬂ $ LJI,'   Z R2++G   #"5 1HG  
 " ﬂ $ 32NQ'  JI A"5 ﬂ R2ﬃ
  " 1ﬂ    ﬂ KﬂJ ﬀ?"  "RL ﬂ "5o ﬂ R2c  I
 " ' Z 
\
1$G  
 G &
J
C(N
ﬂ Z ',&
GK1 A" 
 
 TI  
 />Peﬀ?" !+ﬂ L & " !  
!  (I  ! "   
 K
 &
	1   "5 
 
 " 1&&
J
  $  I.
ﬂ  I1ﬂSI  G   #"5 1$G  
 &R2h1  ' L; 
 &MHﬂ   
	   " IJN
  L &
 ﬃﬂ " +ﬂ 
K  9h  +ﬂ &
 "5o 
ﬂ #" 1ﬂ $ 
K&
H1   "5 
 
 " 1&&
ﬃH  &
S',ﬂSG  &
<2  &
 " ﬂﬂ  ﬂSI&
.ﬂ  &

ﬂ &1$G

(3I&

L
&
"
!

!

(I&

/
o
G
"
(3I%


"
I 1

ﬃﬂ

+ﬂ &
}
 '
o
&
=
HZ
!

&



L
&
#+ﬂ
"
+ﬂ

&



9h

+ﬂ &
.'
"

Z
&
K
ﬀ?"5o>


IL'
"5
1HGR2I
"
ﬂﬂ

ﬂSI

IfI}ﬂ &1$G

(3I
/fP
&

HZ
!

&
K:I 
I`&1ﬂSI+ﬂ



 ﬃﬂ



&
K

9;

ﬃﬂ 
K


"
IJN;2f1HG
"
(I
HZ
!

LI
"




"
+ﬂ I8
 '
o
OJI 


"
I

NI`

TI
</
 S&
 1
ML
ﬂ
$
m!
#"5
H&
)',&1
"



',&
<2>&

L
1
ML]"
IJN
L]"5#"
'
Z
ﬂ

&
Jﬂ
ﬁﬀ 
+ﬂ
 
JI1 
ﬂ
$
  G


#"5
1HG

='


K%~TI 
"



&
K
C(N
ﬂ
Z
',&
KO1
A"

 
 TI


<20&
ﬂ
L
&
 +ﬂ &
/^	
I
H'

ﬃﬂ
 


"5$


ﬁﬀ?"

"RL
ﬂ
"
ﬂ
$
 =1&&
7
C(N
ﬂ
Z
',&

L>
I
K
=1

'
L;
ﬂ ',+ﬂ}
ﬁﬀ?"
!+ﬂ
L
&
"
!

!

(I
/ IJ"

tI
L
'



ﬂ '
L

<2

O'


Z

L ﬀL;

  I ',&1
"



', =

9hI

$

"
I ﬂ
#"



,&
.ﬂ
 

K


"
IJN;2
L;
I
7y

"5
',+ﬂ




}
&

L ﬀL>



ﬂ
$

}
ﬀ?"

 



 ﬂ
"
1&&

L
&
"
!

!

(3I&
O:9;&1ﬂSI&&

"
I 








"
I
/ IG"

nIU
#&1

Bﬂ '
L

D2

.'


Z


ﬃﬂ
Z
!

tIB',&1
"



 ',7
ﬀ?"RLL
+ﬂ


 

"
!
"5
ﬂ
 y
1




ﬂ (
L
07Jp54/0<.=
?
52
o]"

 J
SI

I

NI

1&',+ﬂ
L 

"
+ﬂ&
Q1$G

N=JI=I

'
"
ﬂ TI

2
L


',ﬂﬂ
"
+ﬂ

L






"5

 
4
&

"5
&

L
&
"
!

!

(3I&

/
P
S1HG
"RL
ﬂ

.zK&
ﬂQ1



"
1


\
A"
'


 S
"RLL
1
"
ﬂ
$
mJ

ﬂ


L ﬀL;



ﬂ
$
@
ﬀ
^/_
&
/]
I
Q 
1




 I
L 
1&&
#
SI
^!

(I
L


',ﬂﬂ
"
+ﬂ)1

&

&
gﬃ
 
',ﬃﬂ 


ﬂSI


gQI

'
"
ﬂ
$

/
IG"

nI
L
'



ﬂ '
L

D2

K1

1&
L
ﬂ TI



L
&1
 y


&
	'


Z
&
  
d
P
(I
f

L
&
 +ﬂ ﬃﬂ

&
J+ﬂ

ﬂ &


ﬁﬀ
+
 
',+ﬂ<2

&

"
!+ﬂ 
Kﬂ

&


!
"




"
ﬂ
$


/
^


.


+ﬂK
SI

ﬂ Lﬂ
#"

I

',&
. 

&&

"
I6I

'
"
ﬂ "
d
^Gﬂ
L]"5
1


 &(I+ﬂ,

+ﬂ7'
"

ML
I
A"5o
&

/^P
L'


Z
OZ7[\;-g2

'
L
',ﬃﬂ 

	
v
tNZKwl2

ﬃﬂ 
SLHZ
ﬂ 


y
1HG



"
d
^ﬂ)!
Z

A"

 ﬂ

I1ﬂSI

H&
	

',+ﬂ 
J
ﬁﬀ
ﬃ
 
',ﬃﬂ
/
[

y
32

&



ﬂ
"
1&&
M


+ﬂ
L
&1


#&&

L]"5
&

y
1HG




L"
d
P
23

ﬃﬂM1&

ﬂ
"5


L
TI+ﬂ `ﬂ

7!

&

\
ﬁﬀ?"5
.
ﬀ
Iﬂ

ﬂ
"5
&

$
!

1





/>Peﬀ 
+ﬂ !
#"
ﬂ
$
VH

ﬂ

S'


Z
M
ﬀ
^;_
&
Iﬂ


 
A"
1


"5

 

"
1&M
SI


&


!
"




"
ﬂ
$



'
L
(3I&&
D2ﬃﬂ
o

y
1

	
A"S

L
&
 +ﬂ
"
ﬂ
$
@&
*1


"5

 

"
1&&
:9h&1ﬂSI&&

L]"5

	'


Z
GZK[\h-
L>
I

:9h&1ﬂSI


 &
*ﬂ
#"5
ﬂ ',+ﬂ 

/]P
&
4

9h

+ﬂ &

L]"5
ﬂ

&
4	

ﬂ

J'


Z
G
ﬀ
^/_
&



ﬃﬂ
L]"5#"
',ﬂ
#"5o
&

\
ﬁﬀ?"5
O
ﬀ
I

ﬃﬂ 

I
"
1&O!
#"RL
G

(I

ﬃﬂ 
#"
1ﬂ


/^Peﬀ
^;_
&
L ﬀL;

 O!
"5
',+ﬂ
&


+ﬂ 

I
"
1&&

SI



&

"RLL

"
ﬃﬂ 
<2
ﬀkL
4I

'
"
ﬂ TI
 L
TIﬂg


SI
"5

 
*ﬁﬀ?"

"5
(b
 
L;
ﬂ
"
+ﬂ
SI
A"
L 
1&&JI

R2

&

ﬂ
"
ﬂ


ﬂ

(I&
<2
A"



ﬂSI
"
ﬂ
$

L
&
"
!

!

(IHﬂ

&

"
1ﬂ



ﬂ &

L
&
"
!

!

(I&

/]Peﬀ
ON'
L


SI
LL;
ﬂ=B1&U1HG
"RL
ﬂ

W&
 ﬂ
ﬁﬀ
ﬃ
 
',ﬃﬂ
U
-WV>X<-WY02Q(I




'I


ﬁﬀ?"
1ﬂ



ﬂ 
"

A"
ﬂ
$
 
HI

I
L;
ﬂ  
"

$


/
o
H1HG
"RL
ﬂ

K

ﬀ?"
1$G
Z
Mm


I

!R
"
+ﬂ

M1
"5#"
1ﬂ
Z
H!

(IMH

ﬂ


L ﬀL;



ﬂ
$
32

&G(I

&
ﬂ
"RLL
I)(&
L]"5)A"
'


 S&I

SG


Q'


Z
&
4
"

)
ﬀ?"
Iﬂ

&
+
 
',+ﬂ 

/
«
 
 

G?D3EB
s
@B

H
  EACB3@ACACEI7>
"$#  	
^ )
ﬃ  " ﬃﬂS71  1  I  71&ﬂﬂ KﬂSG Z 
 R2  1  +  +ﬂH7  
 1TIﬂ   &
 "RLL; ﬂ 
GK  ﬂ   L ﬀL; 
  ﬂ $  /
Peﬀ ﬂSI L ﬀL> 
 &L " 
M1&}' " 3I
 1  ﬂK o Iﬂ  L]"5 I6ﬂ " ﬂK ﬁﬀ?"5 ﬂ.(3I "  "5 (b
#  &
 Iﬂ  
 " ﬂ $ 

&
-^/_
&
ON  
ﬂ " +ﬂ 
 " I 
    &
Qﬃ   ',ﬃﬂ 
4  ﬂSI  
4I  ' " ﬂ $  /	 I
 "   
 "5$ 
'  ﬃﬂ  
(3I  )
C(N
ﬂ Z ',H-M&
ﬂ   L I
 "5o; Iﬂ  2  I
 "   
*! "5 ',+ﬂ
  I  !R  &
 L> ﬃﬂ 
(I L; I "5 ﬃﬂ
`ﬂ   " ', $ &
 /[ U:9hﬂ<2F " 
	1&M
 (b
ﬂ Z ',R2  S'   Z  L & " !  !  (I.&
 ﬂ L]"5 ﬂ  K L  " +ﬂG
ﬁﬀ ON   1  1& /fE^ I
 L &1  
 ',ﬃﬂ<2  &
.  TI  
Kﬂ  &
K
ﬂ #" ﬂ !  &
 L & " !  !  (I&
K  +ﬂ
`ﬂ  O y   &
 /
I  L I
<2  KI  ' " ﬂ TI   L TIﬂM1HG  
  (3I ﬀ ﬃﬂ  LTIJNW',ﬂSG  &
 L & " !  !  (3I&
eON L 1 " ﬂ    I
" 1ﬂ   j:/NP )ﬂ #"  "5;  "5 
 &	 " 
1&ﬂﬂ 	ﬂSG Z 
   ﬂ "5$ 
   L;    " IJN L oZ ',&
Q!  1  ﬂ Gﬂ
J'  JI A"5 ﬂ MJI '   Z  L & " !  !  (I /
IG" 
81&ﬂﬂ  ﬂSG Z 
 R2H  I
 "   
8 y   I ^;_
&
1  ' L ﬂ eY'   Z  JI   ' "5 R2.'   Z 
&
B  TI  
D2)'   Z &
U ﬁﬀ?"RLL  " ﬃﬂ<2J'   Z | ﬀ  +ﬂ   I " 1&R2	'   Z |JI I  ' " ﬂ TI  ﬂ%'   Z 
L & " !  !  (I j:/
&
" 
    
SI  1HG " (I L; +ﬂS.  
Jﬂ #"  " IJN;2;  I
 L; I  
J'  +ﬂ    U(I 


ﬂ


L ﬀL>



ﬂ
$



L>

"
IJN=

1TI

ﬂ &
&
Q'


Z
&
)ON


ﬂ
"
ﬃﬂ 

/ IG"

-I
L
'



ﬂ '
L

D2

I

L>
I




'
"5
(I

(3Im

I

"




L ﬀL;

  I ',&1
"



 ',m(I
J

"5

  Im1
"5#"
1ﬂ 



"
ﬂ
$

!

(3I&


TI



/+P
'


Z

L
&
"
!

!

(I
L
TIﬂ
"5$


#"5






SI
g
)ﬂ (
L
)
ﬁﬀ


TI



"


L>
I
Q"
Iﬂ
"
+ﬂ
ﬁﬀ?"

-L

"5A"5o
',+ﬂ
L
&1


#
L;
I

I ON 

1

1&
L]"5
ﬂ

1TI


</E^
I
!
#"5
',ﬃﬂ<2

&

1


"5

 

"
1&&
 Iﬂ


 &&
*
"




#"5



',+ﬂ
L
&
"
!

!

(I)
L>
ﬂ ﬃﬂ
L]"

*
SI

I
L]"5
ﬂ

1TI
A"5
ﬂ 

ﬁﬀ
ON

1

1&
\


"5

 
</
ﬃ




2ﬂI
HZ
!


L
&
"
!

!

(IC 1





Z

L]"

6&


NI

'
"
ﬂ
$




L
&1
 y
(3I&
<2 5<_
?
/
AL

fﬁﬀ?"RLL

"
+ﬂ
L
TIﬂ
o

 


G

F"
I
"5

"5$


/// C
2>'
"5

&Iﬂ


 
#" L
IﬂHKﬂS&

1


"5

 

"
1&&
!

(I&



L

"
ﬃﬂ &
4
ﬁﬀ
ON 

1

1&
e AH

>
&


&
#


I

1&&
Q&

"
1ﬂ
$

Q1

&1ﬂ &




+ﬂf



o
&

"5$


///(Cj:/&I

A"
'
`','
"

Z
R2

&

"

 



ﬂ
"
1&&

L
&
"
!

!

(3I&
D2
o
K(I
L ﬀL>


"
ﬃﬂ
&
^


Iﬂ
$

e1

1
HZ
ﬂ &

"
IKI

'
"
ﬂ TI

2 5D_
?
/
A)I
"5
Q1

!R

ﬂ 
e

L;
'
L

C
2R'
"

ML
I

ﬃﬂ!
"5
',ﬃﬂ
&
Q1


"5

 

"
1&&
)!

(3I&



L

"
ﬃﬂ &
)
ﬁﬀ
ON

1

1&
e AK
"5
G1

!R

ﬂ 

&
 50<6q4:<03*50<7&

"
1ﬂ
$

}
SI


"
+ﬂ &

Cj:/
ﬃ




2
A"
!

1

ﬂ m 

ﬂ


L ﬀL;



ﬂ
$
 &
 ﬂ
I@1
"5#"
1ﬂ 


ﬂ

(I@I

ﬂ 
(3I

&
 ﬂ

I
 ﬂ

&
L]"54ﬁﬀ 
+ﬂ !
#"
ﬂ
$
mJ

ﬂ

 ^;_
&
"
I@
 

@
L
I


TI



"RLL
1
"
ﬂ
$


/i*

L
I
<2


'


Z

L
&
"
!

!

(IHH

ﬂ

^;_
&
L
&
 ﬃﬂ ISI

ﬂ G'

JI
A"5
ﬂ R2
L
I


 (3I
ﬀ 0
9


A" L;

 

o
ﬂ 

ﬀ?"
~

Iﬂ 

2U
SI
LL
',
 
I %'


 y


1HG
"
1TIW&
=1

'
L;


"
+ﬂ &
 JI '


Z

L
&
"
!

!

(I
L]"5
ﬂ

1
ML]"
+ﬂ
\
A" L

 SG&1



$

L
&
"
!

!

(I@e
HZ
!



I%
#'
o
H
HZ
!

&

j:/
ﬃ




27

ﬂ


L ﬀL;



ﬂ
$



L;

"
IJN
L oZ
',&
 


I

!R&
C
"

C

ﬂ

 ﬂ
"
ﬂ 
ﬁﬀ?"5
ﬂ
/
I
C
SI

1
 Rm
ﬂ<2

C',&1
"



', 
ﬀ?"RLL
ﬃﬂ


 

"
!
"5
ﬂ
 y
1


O"

"RL
ﬂ 

&

L ﬀL>



ﬂ
$

6
ﬀ?"

 



ﬂ
"
1&&

L
&
"
!

!

(I&

"
IL1

I
L

"RLL

"
+ﬂ `I

'
"
ﬂ TI
</
_

Iﬂ :I


<2ﬃ

I

L;
I


g

I


+ﬂ 
 
!


SI

&

L>

#

o
ﬂ &


&&

\
ﬁﬀ
Iﬂ



"
ﬂ
$
L

ﬂ

l^;_
&

"



41
"


)
ﬀ
I
"RLL
+ﬂ


 

"
!4

&
L 
1&&JI
#"5
j
/
[
+



"
!

1&7ﬂ (
L
}7I

'
"
ﬂ
$


'
L;

 ,


L

 
H
&
H

',+ﬂ 
K(3I




+ﬂHﬂ
 
ﬂ ',ﬃﬂ

&

\
A"


ﬂ
$
U
L 
1&&JI

R2 =ﬁ_E5
/A"
1
"5#"
1ﬂ 



"
ﬂ
$
U&
	

TI


	ﬂ

&
1


"5

 

"
1&&
J
A"



ﬂSI
"
ﬂ
$

L
&
"
!

!

(I
/
>©0# 5 R?:f#GŁﬁf&5e5#`ﬁ Dﬁ: R:`nﬁ?:H ﬀ3Jﬂﬁ:#?0 R:`g R:D0¢ﬃD Rﬁ¢`eDﬁe # 5 Dﬁ&ﬁ`ﬁ#:
 ﬁDl#$£
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H
«
 
 
<?P
EOFD3H  K
s
E=<?>=H
F=P
H
D3ACPNH
B2FEM7H
A
" #   	 
e 
P &
  ]ON $ 
',&&
 " I=1  I  
)	1&ﬂﬂ GﬂSI  I  +ﬂ4	  ' o TI
 &
 L   
 L &1ﬂ  &
 /N I

ﬃ  
 " !  
 ﬀn +ﬂ     
Qﬂ #"  " IJN=I6IﬂSI  
Q  
  &
4
SI~ﬂ 
4
SI   " +ﬂ 
 /

		 55/NC )6 9L?
'  8L  /267ﬀ ﬁ /2	 	 5/1ﬁ
P C'   Z  L ﬀL> 
   " 
X1&ﬂﬂ  ﬂSI L TIﬂc`ﬂ    ﬃﬂ !  CI " 1  ',+ﬂ  " 
X&
 "RLL 1 " ﬂ $ 

Iﬂ  
 " ﬃﬂ  H'   Z MZK[\h- /FP" L  1HG "5 .ﬂ "RL M1  
  
ﬂ 
\
 A"5 ! )ﬁﬀ Iﬂ  
 " ﬂ $ US  ﬂ  H'   Z 
\
&
4ﬃ   ',ﬃﬂ 
 " Iﬂ  &
)(I
U -WVXD-WYVﬂGs>t q;u3v tZKwl2N  ﬂ " '7',+ﬂJ " 
 ﬁﬀ?"RLL 1 " ﬂ $  b-d[
e [ ﬃ   ',ﬃﬂ ﬀ	 ﬂSI L> I ﬂ[ NI " +ﬂ 
 j:/hP  L  ~ﬂb-d[B  
  ﬁﬀ?"RLL +ﬂ  
 
 " !, A"} &1ﬂSI   L]"5
 &
,NI " +ﬂ 
}@1 A" 
 
 &
 L ' "5 &
 / I
}:9;&1ﬂSI  
 " 1ﬂSI  ',ﬃﬂ  &
,'    y 1 " ﬂ $ 
L&1&&
 
 "5 &

L; I  (3I	ZK[]\;-V
  ﬂ  J
SI LL; ﬂJ1&ﬂﬂ  "RLL 1 " ﬂ $  /
o ﬂﬂ     
 $ =  I
 L   ',ﬂﬂ #"  ﬀ  +ﬂ !   
  ﬂ  G'   Z S ﬀ ^;_
&
ﬂ<2 L]"5 1  
#&(3Iﬃﬂ<2]S
  'PI    I #"5 
  ',+ﬂ L & " !  !  (I L   ',ﬂﬂ " +ﬂ
 ﬀ :9h&1ﬂSI  	
SI    &
 Z &
 /ﬂ IO 
\
 ﬁﬀ?" 
 L &1ﬂ   L  1&&JI #"5 2b1&ﬂﬂ JﬂSI  I
 L   ',ﬂﬂ #"
Kﬂ &
ﬂ 



ﬂ

7'


Z
,
"

 IXﬃ
 
',ﬃﬂK

ﬂSI

(I


ﬀ
&
ﬂ
L
I
M&
ﬂ


\
A"
I

'
"
ﬂ
$

L 
I`&
 

$


R2g'
"5


\
ﬁﬀ?"RLL
+ﬂ


 

"
!U '

TI 
 1
A"5

/*P
&

"RLL

"
+ﬂ 
Om


+ﬂ
L
I
L&

"
JI

ﬂ &
c'
"5

3&
cNI
"
+ﬂ 

/D
I
3
 


"5$

c',&
SI


3ﬁﬀ 
'
L]"
1ﬂ0&
c

9h

1&&


&&

"
IJN
o
~&1ﬂ

I

ﬂ
"
I
L
I
o
1H1

1&

R2]ﬂ4@ﬂ


Q
&
1


 &(3I1&&

L>
I
Q#"




ﬂ

G'


Z

/
ﬃ
N	 .ﬁN3   N"!7#  ?19'13 	%$"&ﬁC54767
IG"

e1&ﬂﬂ 4ﬂSIR2

I

"



 Iﬂ


 -I


L
&
 ﬃﬂ
"
ﬂ
$
O&
e1


"5

#

"
1&&
g
SI
^ﬁﬀ
ﬃ
 
',ﬃﬂ



'PI

 ﬂU
HI
mﬁﬀ
ﬃ
 
',ﬃﬂX


1
A"5
eYﬂ
#"

"5 L 
1&&JI
#"5
ﬂW1
A"5o;#"
ﬂ

I
j:/		

mﬂ
#"

"
IJN 
L ﬀL;

 +ﬂ
L]"

4


L
&
 +ﬂ
"
ﬂ
$
U&
41


"5

 

"
1&&


&&

"
IJN
L
G

'
Z
&

L
G7(b


(3I&

/[
%:9;ﬂ<2
o
m(3I

&

L
G

'
Z
&

L
G?(N


(I&



ﬃﬂ	


'I

&
<2]

I
)
ﬀ?"




L]"

4I

I



IS'





"
ﬂ
$

L


',ﬂﬂ
"
+ﬂ%

&



L
&
 +ﬂ 
</P
&
@1


"5

 

"
1&&


&&

"
IJN
L
G

'
Z
&
@V


+ﬂ@

1
L]"


'
"

ML
I
A"5o
&
	ﬂQ
L
TI+ﬂ
L]"

a`ﬂ

GON
L$
ﬂ &&

"

+I
o
Iﬂ
L
&
"
!

!

(3I
/ I
&
Qﬂ
#"

"
IJN=I6IﬂSI




 
+ﬂf

ﬀ?"
ﬂﬂ
"
1HG

\
A"Q

L
&
 ﬃﬂ
"
ﬂ
$
K1&&
1


"5

#

"
1&&
<25Ł~
\
"5o>
&*
"

 e('aI

&1ﬃ2>g"i"i"g
j
2
ﬂ
\

TI

Iﬂ



"
ﬂ
$

L;
I
QA"tL

 GS&1



$

L
&
"
!

!

(I
/
 "$7.  N)6 9L7
'aI

m(3IB


ﬂ
ﬁﬀ?"RLL
1
"
ﬂ
$
 Iﬂ


#&R2

I
"
I
#"V
&


I




L oZ
',


\
A"
1

G

1&mJI
'

.
SI

ﬂ 
\
I
"
1ﬂ
$
W
 
&
/ [
m:9hﬂ<2>1

'7',M

I

ﬁﬀ?"



G


I

!RK
"



.1HG
"RL
ﬂ

,zN2
ﬁﬀ?"RLL

"
ﬃﬂ
L
TIﬂ


"5

#

&

"
1ﬂ
$

(I




ﬃﬂ	

9h

+ﬂ &
JM1&

&
(I
ﬀ 0"
I
#"5
ﬂJ%)B:9h&1ﬂSI

ﬂ
L]"5
1


 &(I+ﬂ<2
 L
TIﬂJ'


 y

Gﬁﬀ
ﬂ
"
ﬂGJIm'


/hP"
1

G

1&7ﬃﬂ


ﬁﬀ
ﬂ
"
ﬂSJIU'

.ﬂ

&

"
1ﬂ
$


\


"5

 


ﬀ
&
ﬂM
Z


$


L
I
H!
"5#"
+ﬂ


/0E^




ﬁﬀ
ON '
L
L
ﬀ
I
"
1ﬂ
$
6
 
&L(3I
"
L;
I

1


 &(I1&
ﬁﬀ
ON
L$


$
|
ﬀ
IL1

ﬂ 

O7!
"RQ
20


XON&1TIﬂ
$


'
L
(I}(I
ﬀn
X
L>
I
#"
L
I



"5

 
Kﬁﬀ?"
1ﬂ
$
|(I

1





ﬂ 
\

'
LKA"
1TIO
A"
1

ﬂ 


/
o

L oZ
',O&
 ﬂI 
SI~ﬂ


&1HG

1$GM@

ﬁ/
^

G

ﬀ?"
!

ﬂ
L]"

4
 TI

',ﬃﬂ)Gﬂ &1ﬂ 

I

1

G

1&M+ﬂ



J
 1&
"5$
\


"5

 

ﬂ
ﬁﬀ
ﬂ
"
ﬂeJIK'


/
^

I
"
Iﬂ
"5

 L
I

$
,ﬂ
L ﬀL;

 

IK'


Z
Q
ﬁﬀ
+
 
',+ﬂ*(3I

L ﬀL;

 
#"5
ﬂ

&
QI

1ﬂ
$

"5
ﬂ &
J
ﬀ
I+*K'
"
!Rﬂ


 1
ﬀL
M (ﬃ
"
'

(I-, H

ﬂ

I
	"5Z
M
SI
"
1ﬂ
$
32
"

"
1&
#"RL
R2
L>

 

o
ﬂ SG
o
Iﬂ 

I@ON

1

1&S@'

TI%
L 
1&&JI

R2

Ł~TI32!54/ p
/
«.0/  21
G?D3EB
s
@B

H
H
D3ACPNH
B2FEM7H
A

02Nﬀﬁ 	).
/10210354767ﬁ
Peﬀ?" !+ﬂ L & " !  !  (I (3IO  I
 "   
7 y   2^:9h&1ﬂSI=&
 L ﬀL> 
  ﬂ $ 
7 ﬀ?" 
 
  
ﬂ " 1&&
 L & " !  
!  (3I&
 " IBI  ' " ﬂ TI </;P   K  .H  ﬂ  K
C(N
ﬂ Z ',H&
 ﬂ	  1. ﬀ?"5  J SI  ' " ﬂ TI </;E I S"5  &L I

$ 32  ﬂ  4
C(N
ﬂ Z ', L> I #"5 ﬂ3~  I   ﬀ?" Iﬂ  &
  K  &
g " 
   L  1&&
#
SI
^ ﬀ?"RLL +ﬂ  
 
 " ! / ﬂ 
  2  I

  I
  ﬃﬂ   &
 
  
   L I

\
I " !ﬃﬂ L & " !  !  (3IR2F' "5 

\
L I
  TI  
 " !+ﬂ 
 L & " !  !  (I&
(I 
~  Iﬃﬂ    K  MS1  ' L]" !R  32 " 
 
  
ﬂ " +ﬂ<2]ﬂSIﬂ TI  2!(`TI  254/ p / e Ef" (  2Dg"i"i j:/
o &
 " !+ﬂ 
)I  ',ﬃﬂ
I  ! "   
 " ﬂ $  L]"5 ﬂ  1TI Z  / ^  
 L TIﬃﬂ*1 A"5o;   L> I  L   	&
*&1  
 $ 
 L & " !  !  (I&
<2
1  '7',S " 
-0\c[Y>- e	V oo   ﬂ "5ﬁ/ 2g"i"i"g j:/


C55 ﬁ  ﬁ 7  9Lﬁ   ﬁ /3/0 %ﬁ .
)6/NC  ﬁ
P &
@ﬂ #"  " IJN IrIﬂSI  
%   +ﬂ #"  % &
%'   Z &
 L ﬀL; 
 &
% " 
m1&ﬂﬂ VﬂSG Z 
 X L  " +ﬂU
1  ' L ﬂ  &
 "RLL  1$G&
C   ' "5 
 " ﬂ $  (I  &1  ﬃﬂ  &
 o ~ﬂ 
8 ﬀ?"RLL +ﬂ  
 
 " ! /}Peﬀ  &
&
ﬂ=   L &
#+ﬂ  @ &
 1   "5 
 
 " 1&&
  &&
 " IJN  &
 
  I  1&&
 L & " !  !  (I&
 "y   L; I = &

' "  ML I     " 
C    
 &
 "RLL 1 " ﬂ $ 
 /,E0 I  1& A" 2K  I
C   
C1  
     C &
8
 ﬂ "  "5 

ON  
 ﬂ " +ﬂ 
c1  1&   " ﬃﬂ A" !&
ﬂ $ H&
c
 (b
ﬂ Z ',&
c ﬀ  NI  ' " ﬂ $ e P
d H P  "5   ! o ~&1ﬂ
d ﬂ "  " ﬂ "
e

ﬂ Sﬂ
"5ﬁ/
2
jSj
2
ﬁﬀ 
!



4&
e1

'
L;


"
+ﬂ 

$
!

1




le
&
o
 F
d
H
&
G
"5#"5o

o

+ﬂ ﬃﬂ
o
~&1ﬂ
F
:I`

1&
d


$kj
ﬂ
ﬁﬀ 
!




L
&
"
!

!

(3I
e
[
d
P
H
[
JI1
"
ﬂ
$

"5
d



!
Pc"
!"I
"
!
xRj:/I

L
I
<2
L>
I
,"5

tL
I

$
32

I
K
 

71







KA"
I

'
"
ﬂ
$
81

'7',I
L 
!

&
 

$

"
I
ﬂ
#"



J
L
I


TI


ON

1

1&&
(IS

I

L;
I
 




L
&
 ﬃﬂ 


 
$
B&
)I

',&


'
"5

 &&
J
ﬂSI
A"
+ﬂ

&

A"
!
"
!&
4ﬂ 


4(Iﬂ^
d
&
 lP I
e
P

"5


!
I
&


!R
j
er^
d
&
2g"i"i
j:/

/155/NC 7	 .  :9LN3/2O
IG"

^1&'
"
3I
 1

ﬂ<2+

I
^
ﬀ?"




L]"


L ﬀL>

 Q',ﬂSG


L


',ﬂﬂ
"
+ﬂg
"5




ﬂ

'


Z

/
[
 :9;ﬂ<2
A"
'
"5
1$G=!
#"5
',+ﬂ Iﬂ


 &O1





ﬂ 
\
1

'
L]"5

K
&

L


I

'
"
1&&
K+ﬂ

=&

!
 
I
L
&
O
ﬀ?"RLL

"
+ﬂ@(I

ﬃﬂ ﬂ  I

',&
O
#
$
 IB',ﬂSG

Bﬂ
#"


ﬂ
$


WﬂL1&TIJN (I

ﬃﬂ
o

y
1

 =

ﬂ

 


'I
A"
ﬂ TI
</eP

L oZ
',%
ﬁﬀ
ﬃ
 
',ﬃﬂ
U
-WVXD-WY

&


 
"



OI
"5
ﬂ
(3I
ﬀ 
&
ﬂ

'
L;

 

o
4
ﬀ
:9h&1ﬂSI

&
g',&
SI

&
g
L


I

'
"
1&&
O1



ﬂ
$


&


L>
I
 L
I


TI



#"5





/hPc" L
1
ML]"5

L;
ﬂ 7
SI
Sﬁﬀ 




L;

o
ﬂ }&


&
 


I

1&&
HﬂM&

L








S'


S ~TI
L>
I

:9h&1ﬂSI
	
&
J',&
HI

&
	
L


I

'
"
1&&

/h[
U:9hﬂ<2
L



L>

 
#&
 

$
UJI
L;
ﬂ 
 "

$

<2hﬂ
ON
L


',+ﬂ 

&
e'
"
 &I

&
^',ﬂﬂ
"
+ﬂ*G~TI,&

L









"5



(IQ&
^'
"
ﬂ 




g1

)ﬂ TIJN,ﬂ

"
!

TIJN e
F	"
I
"5
R2>'


 


&
D2 54/ p
/ j
2;H

I
G
 
 
ﬃﬂ
L o]"5o
',+ﬂQ~
"
'
"5


L


'



/F	
I
J




"


ﬁﬀ?"

 L ﬀL;

 


ﬀ?"
Iﬂ

&
7',ﬂSG

&
7L
"5

"
ﬂ
$

L


',ﬂﬂ
"
+ﬂ,O',&
SI


7ﬁﬀ 
'
L]"
1ﬂ,


ﬂ

S
C(N
ﬂ
Z
',G ﬂ 

',SJI

'
"
ﬂ
$

/

!N/1:67/1
E^
I
!
#"5
',+ﬂ<2>&
QON
L


',ﬃﬂ
"
ﬂ
$

)
SI
Q
&


&
SI

ﬂ
"
ﬂ 
)
ﬁﬀ
Iﬂ



"
ﬂ
$
%
A" F ﬀ
ﬂ4&
-^;_
&

SI
Jﬁﬀ?"
1&(3I




ﬂ
$
X71

'
L
ﬂ 1&&
M
 
ﬃﬂ`ﬂ

7:9h&1ﬂSI&&

/ [
X:9hﬂ<2h

fﬁﬀ 
+ﬂ 

`ﬂ.
ﬁﬀ
Iﬂ



"
ﬂ
$

ﬁﬀﬂﬃﬂ "!	#ﬃ#ﬃ$ ﬂ&%('*),+ -ﬃ-(-)/. 0ﬃ12#4321576(#
89;:*<
=>0©@?M
89;:
D¢5#l?A=>:&ﬁ&>0DY Łc©cCB ŁﬁŁ A?	<Dbª]Łﬁ`?:ED:£ FDHGKJI<?5Dl4BKD£ LDM K(K(M<£
¤
ﬀﬂﬃﬂ "!	#ﬃ#(-ON$*)/.7PQ)SR&$ﬃ#2+ORﬂ(0. T P'7ﬂ&+(.7RH#
Uﬁﬀﬂﬃﬂ "!	#ﬃ#43ﬃ3ﬃ3V),+CN%412$ﬃ.7W&X2$*)/. 0ﬃ1#($(-ﬃX(0 RH+OR12T2-%(+ 1 RH#
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H
«.Y
 
<?P
EOFD3H
.
K
s
E=<?>=H
F=P
H
D3ACPNH
B2FEM7H
A
 
	
SIﬀI
	 L ^;_
&
 Iﬀ	ﬁﬂﬃﬀ	ﬁ
SI  7I!
ﬂ"
	 L ﬀI#%$& L  
L '
	()* +ﬂ L-, .
I ,  o / L I `
0 , 
	 y1, RI2
3)4 +53I5I6 LL ﬁ	3
	
e P 5I
	ﬁ748*J(:9ﬁRz;J_ G	 o RIﬁ<9g"i"i"g j 9=. , SIﬁ6 65I53I , >MI1
	6 , ﬁ	 , 
\

~
ﬀI
eSprq?@
	cg=A =A  j  , ﬂﬃ	ﬁ(>'B CD =	  TIﬁ ,  :$ 	 
	 y  * =	ﬁ
	 :$& LL '
	()
 L 
	ﬁﬂ"3A1EF/ONﬂ L >9I , SI   G	ﬁ e > j HG$G
\
, >MI4%$H  3	ﬁ ,  L 
	ﬁ)
  TIJNI =	ﬁ
	B :$& LL '
	()J F ﬀ A I  I L ﬂ	 Z " =	ﬁ
	@9@ BSI~
* 	ﬁ)
ﬂ , ﬂﬃ
	J "KN~
ﬃﬃTIﬃﬀ3ﬁ	
	L @ILﬀ	ﬁﬂﬃ39MﬀI"LN  ,TL CO3'DRI
	ﬁP "B''	ﬁﬂﬃ'Q'	ﬁ
SIﬂe =	ﬁ
	R
	ﬁ) j A I  IJ =	ﬁ
	 L 	ﬁ)>9@HI~S
K
)'ﬃ
	ﬁﬂ L ﬂﬃ"%$ , @9
\
 ,  :$ ITSI~S *U
	WV ,>A ﬂ 5ID%$&RITI"
 	ﬁ" 
L SV
ﬂ" L MI ,  , 6 6 X
6 0 LL :. 01	Y L ﬀI.6SI~
 *  

	WV!,)910 , SIﬁ+ B%$&1:(ﬀB B
	CBﬂﬃ
'RITI =	WZ , 
	ﬁ(>	 y 3
	ﬁ)

ﬃ TIJN[(>ﬀI L  e =	ﬁ
	 j A
o 
 , SI \  , ﬂﬃ
\ﬀINC L SI \3)]C5Iﬁ]ﬀI
L ﬀI)M''	Y()X 4V6ISI V
ﬂ"
	
\
%$&	 ^ :$H''	ﬁﬂﬃ'6'	ﬁ
SI<A_0JTIﬂﬃ'39'	ﬁ

  , 	ﬁ/ /
 TIX  3	ﬁ ,  , ﬁ0 `C L  L 
	ﬁ)^ 4
SV , M X53I	M) 
ﬂﬃ 6 , %9ﬂ"	a	ﬁ
/
\
  ,:y 	ﬁ 
\
, MIX ` =	ﬁ
	X :$& LL 
	()0 L 
	ﬁﬂ"
V%
\
I[ =	ﬁ1TI39FﬀI[  =	ﬁ
	 :$& LL 
	Y()]ﬁ
1ﬃ Q
	ﬁSI1
	 2
	ﬁﬂIC  

	.6 .
	ﬁSI1
	. , ﬁ3A
o 
+
	CK	ﬁﬁ	ﬁ ,  6'ONﬀ4RIN	ﬁD4RIﬀI4 /C
	ﬁSI1
	

	ﬁﬂPI
,
D
NSIﬁﬂﬃ39Mﬃ :$ I
L
	ﬁﬃ DI2SG
,

	53I>9IN =	ﬁ
	 +.=EA 5
cb
7


A :A JI

SV!
4 #ﬂ
Ld,
3A
«e<f  21
G?D3EB
s
@B

H
     	
	 V ﬂ ()
	6  ^ ﬁﬁ	ﬁ()'a_ I
	ﬁ(
&
(=
ﬂ
	 V
ﬂ

		
L
C(
o
C
	1
&
(ﬀ
ﬂ
	 
ﬂ
()6V!
I
	

[
 JI3
	
 
	ﬁ("G
[
 =	ﬁ
	
	 hV V
ﬂ [

	ﬁ(
o
C
	1
&'&
ﬂ
	ﬁﬀﬃﬂ
ﬂ
ﬁ	^ 
F^,
ﬁ	ﬁ
, ﬀ
	ﬁ
SIﬁ
o
[ F ﬀ
o


[
I
Ld,
\ 
F/,
ﬁ	ﬁ
,ﬀ
	ﬁ
SIﬁ
o
&
o
C
	1
&
(ﬀﬂ
[ ﬂ [
5I	
L
 :$
ﬂ
TI	ﬁ
[ ﬂ  [
''	ﬁﬂﬃ'
ﬂ

	
,aL


 =	ﬁ1TI
[ I  [


		ﬁ
,I



[
^
ﬂ ! [
''	ﬁﬂﬃ'c^ =V
ﬂ"
	5I[ﬀI ^ '
	WV
L
ﬀI %$
ﬂlL  
L

	()
!
Iﬂ"	ﬁ
[
^
ﬂ  [
''	ﬁﬂﬃ' ^ 
	WVﬀI ^ ﬁﬁ	ﬁ()ﬂﬃ
ﬂ
	

, L


 =	ﬁ1TI
["# [
 JI3
	1
"
ﬀ ﬁ	ﬁ(

("I1()
[
_a^$	 %`B_0
	1# :$ ^ (
,
	TI/ ﬁ	M
[*ﬀ [
''	ﬁﬂﬃ'
ﬀ
	ﬁ
SI
b+d&
[
''	ﬁﬂﬃ'
ﬀ
	ﬁ
SI
L
ﬀI6
[
=V%
[*ﬀ  [
''	ﬁﬂﬃ'
ﬀ
	ﬁ
SI  


ﬂ"
	
''! 

 (
*)
!
	HG?(

E _

ﬀI
()UE ﬂ
L
 _ 
U,+
VX
+
Y -+

	N ^%$
ﬂ

	ﬁ'	ﬁ
,
3'	C
	N6 
&
	ﬁ	

.SIXEF

 
ﬀ	
L
/C
F/,
ﬁ	ﬁ
,
ﬀ	ﬁ
SIﬁ

+

!

L
V6I
ﬂ
()4V

3
	ﬁ(
 ' V
!
	HG	3'-*ﬁ	
Q
 
o
C
	1
&
(ﬀﬂ
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H
«eﬃ«
	-JIACA<?ED3H
^ ﬂ ^ ﬁﬁ	ﬁ() ﬂ 

	1	ﬁ
^/_
&
^ ﬁﬁ	ﬁ()'n_ I
	ﬁ(
&
(=
ﬂ
 ^
&
o
 K-	ﬁB :$ ^ =V!
ﬂ"
	53I 
&

 Z ﬂﬃ
o ﬂ L ON
 "  3
	ﬁ(  K 
 "  

+  V " ﬀ JIC ﬂ '
		 L C(
o C
	1
&
(=
ﬂ

+ V  + Y ﬃ " Iﬁ
	 ﬂ ()'
&
(ﬀ
ﬂ V! o ﬁCKd
	ﬁ)   ﬂ   L 
	ﬁ)
F 3ﬁ	

	 [ ''	ﬁﬂﬃ'/V!+_@	ﬁ	ﬁ(
   V " ﬀ JIC ! ^cHG	3
o C
	1
&
(=
ﬂﬃ
  V  
(	 Q 
	1
o C
	1
&
(ﬀ
ﬂ
 " -  K 
 " 1()ﬂﬃ -0ﬀI L

&
I  
&
 I 	 L C (
E o
ﬀ E`
	ﬁﬂ	ﬁ
	ﬁ)
o ﬂ L 
ﬂﬃ ﬀ 	ﬁ
SIﬁ
F ﬀ F^,
ﬁ	ﬁ
, ﬀ
	ﬁ
SIﬁ
&
o
 F
"
&
G1K
o
'

K 

F
 V!
"
' 

ﬀ  ﬁﬀﬃﬂ
&
,
TI
	ﬁ
,

F/,
ﬁ	ﬁ
, ﬀ
	ﬁ
SIﬁ
&
_
o

&
ﬀ	
,

,
_+
	1# 
o
Gﬂ	ﬁ0 


&
E ^
,
5I	
L

&
	ﬁﬂIC
	\E 

		
L

	ﬁ)+^ ﬂﬂﬃ
	ﬁ) JI
o
[ F ﬀ

 Jd&
&
)a_@	ﬁ	ﬁ(
[
N
L

6V!
ﬀ
	ﬁ
SI1
[
ﬀ	ﬁﬂﬃ
_
-
ﬀ
_ 	ﬁ -0 
ﬀ
	ﬁ
 	

 ^	ﬁ)
	ﬁ
,
 ﬁ	M(>

	 
 
" 
 ^	1 
"
' ﬁ	ﬁ(

("I1()
ﬂ

+
ﬀ
	ﬁ
SI1
[
''	ﬁﬂﬃ'0HI
LL


	ﬁ(
!
Iﬂ"
ﬂ

	ﬁﬀ	ﬁ (
 _
ﬂ
 	ﬁ
 
_ 
	)
  ﬂ
ﬁ

 V J"0  
o
C	1
&
(ﬀﬂ
"
"
^ "
"  "
 @^ 'HG1()
"
" 
J"0
	ﬁK
"
	I
L 
("I1()

+
 V


ﬂ
SG
o
C
	1
&
(=
ﬂ

 V -SG7)
o
C
	1
&
(=
ﬂ
«e  21
G?D3EB
s
@B

H
   
9    
o 
#
	 , Iﬂ Z #/

	 , 
	ﬁ L  ^
#SG Z >A
ﬃ
 ! 6?0ﬁ :3 ?/1C37/2ﬁ#/ !3N-9L.'
 6  
	 IHG>9
o
Aﬁ9'aI
>9
F
Aﬁ9
o
G	ﬁﬁﬁ	39^E Aﬁ9078*
ﬂ"
>9 -QAe g"i"i
j
A
ﬂaLL

] UC(=

Z
ﬂﬃ
SI
	CRIJN	ﬁﬁﬁ	ﬁ()'`  MC6
,
ﬁ	ﬁ
,
ﬀ	ﬁ
SIﬁ
\
%$&
LL

	Y()X Xﬂ
Ld,
3A.A :
	A =8/;:


=;50<.+ :3

A +

5hp4=;50Ap 50+ :	A =8/8=&5.+ﬀﬁﬃﬂ9ge g
j
H ! #"%$ﬀA ^
&)&
_  g&%$' #" i '=A
	 IHG>9
o
Aﬁ9 'aI
>9
F
Aﬁ9
I


ﬀ39EFAﬁ9 
o
G>	ﬁﬁﬁ	39-E A e g"i"i(
j
A
" ﬂ
&
o
ﬂ Fa[
_ H
ﬂ L
 ()(>	3
ﬂIﬁ
	
 
()'0C(=
ﬂ V!6'	ﬁ
SI1 ﬀ	ﬁﬂﬃ4V!6
	ﬁ	ﬁ(A).A /250<.A

/8=8:ﬂA

>+* :79<0A

>!: qﬀ,@=B+0/

Ap.5
-

7p

/8= :A/. 5Hp

A :> :	=;5.+01*,
-
.2ﬂ9ge(
j
H (V #& >A ^
&)&
_ ' 
 
  i"i=A
'aI
>9
F
Aﬁ9 	 IHG>9
o
Aﬁ9
"
 Zd>9
[
Aﬁ9 
o
G	ﬁﬁﬁ	39-EFA e g"i"i(
j
A
"
Iﬁ
	C()'^C(=
ﬂﬃ4V6ﬀ	ﬁ
SI1
ﬀ	ﬁﬂﬃ*V!+
	ﬁ	ﬁ(A@343ﬁ	3
	  
 
("G
	ﬁ(A5.AC/250<0A

/8= :A

>ﬁ* :ﬂ7 <0A

> : q6 :3 7/250<.+

A
87
  >?= p

/8= :A +9:;*ﬃ
7
ﬂ9ﬁ(e 
j
H g! *(A ^
&)&
_ !$* i
 
g"g >A
ﬃ
 ! 67ﬁ ?/1C37/2ﬁ / !3
  9 .L
C6 
	 IHG>9
o
Aﬁ9
&
<33RIﬁ39
o
Aﬁ9F
I


ﬀ39FEFA e g"i"i&
j
AUE`=3->
	ﬁ
	R :$ IRﬂﬃ' 
Z
J(
,

,

	5I>3dﬀI
%$ 	ﬁﬂ53
,
ﬂﬃ
	D :$ IXV!ﬂ	ﬁﬁ6 .C(=

Z
ﬂﬃa 6CTI3A2 5; 7 5

5.+? p4= 54Ap 5.+ 54/@. 5Hp

A :> :	=;5.+

5>BA .A q :<03

/8=8:ADC!+'E0<.=;5F.AC/250>E>?=G	 50Ahp 5
7
<0/8= H p4=;50>E> 59Iﬁ.+;JK
7
ﬂ9Jg"ie 
j
A
ﬂ
31
m

>A
_.	3RI@9ﬁLAﬁ9aE SG#M@9
"
Aﬁ9'	 I$G>9
o
Aﬁ9a
F
	ﬁ(>	39aEFA+e g"i"i&
j
A
o
ﬂ53d
ﬂﬃ93-<3
	WV!
 :$&TI '	ﬁ
SI RIﬂﬃ<AaI[343ﬁ	3
	 RIJN 3
I(>	ﬁ
	ﬁ) 1ﬀI<AN 5; 7 5

50+
hp4=;50Ap 50+ 54/O. 5Sp

A :> :
	= 50+

5 >BA .A q :<.3

/8= :A4C +'E0<0= 5P. 5Sp

A =
b
7 5.+ 54/Qhp = 50Ahp 5.+R.Aq4:<03

/8=
b
7 50+
ﬀS.+;ﬃ.T1ﬂA
ﬂ
31
m

>A
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H U
e
R
 @EB2<JFEOI>A

 67	 L ﬀ / !
/25
	 IHG>9 o AWe g"i"i( j A
o ﬂ53d
ﬂﬃF3 ,  ()(>	53IB lIUﬀ	ﬁﬂﬃ*ﬀ	ﬁ
SI  #V
ﬂ"
	@A
o ﬂﬂPI	3
	QRI#(>ﬀI43d` a
3	ﬁ - AD =E< :ﬂA A 503*50AC/4.AC/250<

p /8= q  :7 < >BA
7
  < 54AC/8= +.+

	 5 793

=BA
 - 
7
@ﬂ0 JI#-+  F ^C  9(A =A
 	 .  N 0ﬁ :  7/NC?/2ﬁ / !3N-9L.'
 6  '  	)6	
 55/NC ﬁ /1ﬁ
	 IHG>9 o Aﬁ9`E SG#M@9 " Aﬁ9`@_.	3RI@9 LAae g"i"i"g j A  3
	ﬁ(PK7( 	ﬁﬂ	ﬁ
	 V+K-TG13'	"V
RIﬂﬃﬀI ()'3A I  "  JG	%9 'Aﬁ9 -+ﬀI("G@9>_Aﬁ9
o 3 Q:Q =9 " Aﬁ9 ,  =	ﬁTI39 rd .A /250<.A  /8=8:ﬂA  >
 :Aq 50< 50Ap.5G:A .AC/254>B>D= 	 50AC/

3*5.+

A

C=E3 79>

/8=8:ﬂA 
7
-  A  ﬂ9T31()5"! *=9   @9
 ^	ﬁ ]8+	ﬁ() ﬂ]A
&
o
&
A4^
&
	._ﬀHV"i   $$ﬀi    i   (A
	ﬁﬀ>9 o A='ﬂ
>9 F A e g"i"i> j A^ ﬁﬁ	ﬁ()/ﬃ
	ﬁ(ﬃC(ﬀﬂ V! " ﬂ
&
o
ﬂ Fa[ _*A I  F 	ﬁﬀ	ﬁ39
&
A` _ 3)%9 	+Aﬁ9 ,  =	ﬁ<9! th
 =E<0/87

> < 5

>D=E/8- =BA /250<.A

/8=8:ﬂA

>+p :A q 50< 50Ap 5O#" K=A $;ﬂ9ﬁ31()
 i! Q i"=9  >%9  >A ^
&
	._ Hg    '%$"i   (   =A
	ﬁﬀ>9
o
Ad 'ﬂ
>9
F
A e g"i"iK
j
A
&
	ﬁﬂ!C53d ()(>	3a3	ﬁ(N	ﬁJﬀ	ﬁ
ﬃ1 ''	ﬁﬂﬃ'
V!
	ﬁ	ﬁ(A
I
5.AC/250<0A

/8= :A

>ﬀ :A q 50< 50Ap 5 :ﬂA  :ﬂ3  79/250<.+

A
 7 


Ap 5

. 5Sp

A :> :	-tq :<
-

7Jp

/8=8:AR;
7
.
-
A $;ﬂ931() '"! Q'"%$ﬀ9
ﬂ
ﬃK1=A ^
&
	._ Hi
 
"""&
 
"g"g
 
>A
	ﬁﬀ>9
o
Aﬁ9 'ﬂ
>9
F
Aﬁ9=
I


ﬀ39E A e g"i"i>
j
A
&
(ﬀ

Z
ﬂﬃ+ﬃ
	 	ﬁﬁﬁ	ﬁ()ﬀ3-6%$&343'
	
 
()Q 
>	ﬁS3ﬀ %`+ﬁCKd
	WV
A
I

!
ﬃ&	ﬁ(9
ﬂ
Aﬁ9

B3
,
>9

Aﬁ9d
"
1  =	ﬁK@9
ﬂ
Aﬁ9
,
 =	ﬁ<9?. < := +0= 143650+'4:ﬂ7 <0A E 5.+ q0<

Ahp : 

:ﬂA 5.+

:

10> 5)( :<03*50> +

5 >A .A /250<

p /8=8:ﬂA/

(ﬁ4A *$;ﬂ9
31()ng"i! g  i=9
o
@A
o
,
31 %,+3A ^
&
	._ Hg=A"(3g"=A&%$ﬀA =A
	ﬁﬀ>9
o
Aﬁ9 'ﬂ
>9
F
Aﬁ9
I


'39:EFAﬁ9@
o
ﬀ	ﬁﬁﬁ	39 E A e g"i"i>
j
A
" ﬂ
&
o
ﬂ Fl[
_HdEF ()(>	3
ﬂ-ﬁ
	
 
()7 (ﬀ
ﬂ V2ﬀ	ﬁ
ﬃ1+''	ﬁﬂﬃ'NV!J
	ﬁ	ﬁ(A
I
D8.	ﬁ	%9 _*Aﬁ9
&
ﬀ@9
&
Aﬁ9X
&

	ﬁ@9
ﬂ
Aﬁ9
,
 =	ﬁ39?.AC/250<0A

/8= :A

>  :Aq 50< 50Ap.5 :AP-  50<0/ :<.>

+ ;.1/A *<ﬂ9S31()>(3g! ( "i=9
&
	ﬁ(3d>A
&
ﬁﬀﬀV
o
ﬂ53
[
()
	ﬁ(90_07(( _ ﬀ(>	3  ^ﬀ	ﬁ)
	ﬁ ()9l^
[ [ [
o
ﬂ53
&
'	 ()A ^
&
	._
Hi
 
$=&
 
"g"g
 
=A
	ﬁﬀ>9
o
Aﬁ9'ﬂ
>9
F
Aﬁ9'

 -*ﬁ%9
o
Ahe g"i"iK
j
A ^ ﬁﬁ	ﬁ().ﬃ
	ﬁ(QC(=
ﬂ V! 3ﬀ %d 
ﬁCKd
	ﬁ)X
	ﬁ	ﬁ(A
I
32
th
1 :<0>

 :A q 50< 50Ap 5 :A  :ﬂ3  79/250<.+,=BA
-

7Jp

/8=8:ﬂA 41 ?
-
A *$;ﬂ9
 ^	ﬁ)
	ﬁ (NV
&
ﬁKd>ﬁﬀ@9
o
3- _ *)6@9
&
ﬃﬀ
ﬂ
V 
	3=A4^
&
	._ﬀH
 
"g"i
 
i !$*
 
=A
	ﬁﬀ>9
o
Aﬁ9 'ﬂ
>9
F
Aﬁ9
"
 Zd>9
[
Aﬁ9
o
ﬀ	ﬁﬁﬁ	39FE Aﬁ9 
I


'39 E A e g"i"iK
j
A
" ﬂ
&
o
ﬂ Fa[
_ H
ﬂ-ﬁ
	C()J (ﬀ
ﬂ V!ﬀ	ﬁ
ﬃ14ﬀ	ﬁﬂﬃﬃVQ
	ﬁ	ﬁ(A
I

F
	ﬁﬀ	ﬁ39
&
Aﬁ9
F
	ﬀ1 :9`E Aﬁ9a
_F)%9 	0Aﬁ9
,
 =	ﬁ395$ th  =E<0/87  >C< 5  >D=8/8-=EAC/250<0A  /8= :A  >Dp :A q 50< 54Ap 5 "ﬃK=A <ﬂ9=31() ' ! Q'&(9

3%9

>A ^
&
	._ﬀHg
 
 '%$"i
 
g
 
g=A
E ﬃﬀ#M@9
"
Aﬁ9'	6ﬀ>9
o
Aﬁ9a _.	3@9SLA+e g"i"i"g
j
A
ﬂ

	[3
	ﬁ( V"ﬂﬃﬃ'	ﬁ
ﬃ1
3A
I

"
 ()
(=9
F
A
ﬀ
A0
&
()<'	C
 2I


>
F87
>39
ﬂ
Aﬁ9
,
 =	ﬁ39 rd .A /250<.A  /8=8:ﬂA  >
C-3:&+0=B793 :A  :  :ﬂ/8=rp4+

A
57
79/;:ﬂ3

/8=8:A 

7
A  ﬂ9#31()I( ! #(9D_ 93=9
"
0:=	A
EF=3-<'		%9
I
A
"
Aﬁ9 	ﬁﬀ>9
o
Aﬁ9 'ﬂ
>9
F
Aﬁ9 
!

39

AWe g"i"i(
j
A
ﬂ
7	ﬁ'
	ﬁ)Q()'
 
K1 
3
	ﬁ(2ﬀ	ﬁﬂﬃ4V!/ﬀ	ﬁ =@A
I
4_+
	 S	ﬁﬂ"=9
"
Aﬁ9
!

	%9

Aﬁ9
&

	ﬁ@9
ﬂ
Aﬁ9
,
 =	ﬁ39
.AC/254<.A

/8=8:A

> :A q 50< 54Ap 5 :A -  50<0/ :<.>

+ ;.1/A ;ﬂ9ﬁ31()g! g(3i=9 _  	()9 L'31@A ^
[ [ [
o
ﬂ53
&
'	 ()A ^
&
	._
Hi
 
$=&
 
g <(3i
 
>A
U
e
$
 21
G?D3EB
s
@B

H
'ﬂ
>9 F Aﬁ9 	ﬁﬀ>9
o Aﬁ9 "  Z->9 [ Aﬁ9+
o ﬀ	ﬁﬁﬁ	39*EFA
e g"i"i> j A " ﬁ
	C()C(ﬀﬂﬃ7V!
'	ﬁ
ﬃ1a''	ﬁﬂﬃ'*V+
	ﬁ	ﬁ(A I   0	)3d9 ﬀ Aﬁ9 ,  =	ﬁ39T.AC/250<0A

/8= :A

>? :A q 50< 50Ap 5*:A
 :3 7/250< +

A
 7 


Ap 5

. 5Sp

A :> :
	- =BA -

7Jp

/8=8:A 
7
. - A <ﬂ9 31()6&( $' #&"g=9 F ﬀﬀ 39
-0>A ﬂ
o _ ﬂ E`3A ^
&
	._ HDi   """&   &    "QA
'ﬂ
>9 F Aﬁ9 	ﬁﬀ>9
o Aﬁ9 "  Zd>9 [ Aﬁ9
o ﬀ	ﬁﬁﬁ	39>EFAe g"i"iK j A
&
,  F/,Jﬀ 	 H'	ﬁ
ﬃ1ﬀ	ﬁﬂﬃ
V    (*ﬀ
	ﬁ(7
	ﬁ	ﬁ(A I  F 	ﬁﬀ	ﬁ39
&
Aﬁ9 F 	ﬁﬀ1 :9dE Aﬁ9:ﬂ_F)%9 	+Aﬁ9 ,  =	ﬁ39 $ th
 =E<0/87

>
< 5

>?=8/8- =BA /250<.A

/8=8:ﬂA

>3p :Aq 50< 50Ap.5"ﬃK=A <ﬂ931() '&! Q!$==9  >%9  >A(^
&
	._ H>g    '%$"i  
g   g=A
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H U
e

 @EB2<JFEOI>A
U
e.  21
G?D3EB
s
@B

H
  
	  



 	    

 
ﬂ 	>=9 " A:  @9
	0A A ﬂ
&
"

 H  )
ﬀ	 ) V. I 	  3
	ﬁ(  ﬁ	ﬁ(*ﬀ   	ﬁ	ﬁ(
&
(ﬀﬂ]A
I
	X

	%9
&
A
ﬂ
Aﬁ9 -+1 +<9-QAﬁ9'.E (*1O@9

Aﬁ9
,
 =	ﬁ39D.AC/254>B>D= 	 50AC/. 79/;:<0=EA 	
C-&+0/2503 +931()?( "( ( =9	X	C

	ﬁﬃ&)9

>A
&
3
	ﬁ()3A
C&
	._ 
 
(
 
( %$=
 
=A
ﬂ
ﬁ@9 LA

A " A
"
	ﬁ	ﬁ	ﬁ( 	ﬀ*)6 =() K- ﬂ53dJ	ﬁ'
3A * :79<0A

> :ﬀ /

5
7
+.+4:ﬂﬁ4=

/8= :Aﬃ4:<9 :ﬂ3  79/8=EA 	
 
ﬁ

=EA 50<0->9&  ! H"  "( =A
ﬂ
 @9L1A
F
A" "" A

ﬀ.0:#3d
 ﬂﬃ' %>A
I
aEF@9
"
A	0A>
F
	ﬁﬀ1 @9L1AL1Aﬁ9
,
 =	ﬁ39
( :79A

/8=8:A +@:#ﬀ.AC/250>E>?=G	 50AC/F. 7/;:<0=BA#	 -(+4/2503 + 9#31()$  # =A%a
ﬁK1ﬂ]9
!
	ﬁﬁ >9_ILA
ﬂ
 @9LA
F
A  A
ﬂ
1:(ﬀ
	VNﬃ  3dSV!
ﬂ" )6	ﬁﬃﬀ ﬃﬀ

&
E ﬃ3A
I


 
	 	=@9`_Aﬁ9-0C39
F
Aﬁ9


() :9
ﬂ
Aﬁ9F
&
ﬀ1 Z:9
"
Aﬁ9
,
 =	ﬁ39 , =

	A :&+0/8=ﬁ

:ﬂA =E/;:ﬂ<.=EA 	
:ﬀF  =E>E>

A
'&
A :/ > 5

	 5
7
ﬁ
b
7 =B+.=8/8= :A19431()(%$' #=9
!
	ﬁﬁ >9_ﬀL1A %a
ﬁK1ﬂ]A
ﬂ
 @9DLA
F
A)  A) 79> 5.+:ﬀ@/

53 =BA

A
!
	ﬁﬁ >91_ﬀLGH%a
ﬁK1ﬂ]A
ﬂ
 @9DLA
F
A
F
	39 	+A4LA
 " A

ﬀ*ﬁ	B3Nﬃ3A+* -ﬂ/259 ﬂ H ' ! Q!$==A
ﬂ

ﬃ1
>9
ﬂ
Aﬁ9


1 &
 
	.

9

Aﬁ9


9 	+Aﬁ9a -0>9 LA, %$ A

ﬀ

F
&
ﬁﬀﬁH
!
 )
7K	ﬁ 


&
#Vﬂ 3d ()(>	34 P 
	ﬁ(>P5 		ﬁ3AQ.AC/254<.A

/8=8:A

> * :ﬂ7 <0A

>,:ﬀ
7
<4/8= H-ﬁ4=

>
.AC/250>E>?=G	 50A.ﬁ 5=BA
-

7 ﬁ

/8= :A19 " ,
 
( H (V *" >A
ﬂ,/
ﬂﬃ390%4Aﬁ9

@9.	0Aﬁ9 
I
=V!
39
!
A1 A,	X'=3d
	ﬁ)#3
	ﬁ(D

(>	/V/	ﬁﬁﬁ	ﬁ()
ﬃ
	ﬁ(JC(=
ﬂﬃ3A
7
  >D= 5
57
<4/8= H-ﬁ4=

>ﬃ.AC/250>E>?=G	 50A0ﬁ.59 <(GH ( &  9( "=A
ﬂ,/
ﬂﬃ39"%4Aﬁ9

@92	0Aﬁ9

K- >9
"
A. ! A

ﬀ++V %	6	ﬁDﬃﬀ03
	ﬁ(53ﬀ3A
7


*9:7 <0A

>:ﬀF(3
- 
79/8> : : 90%$" H ﬂ! %$ﬀA
	6Cﬁﬀ Za9 _A4 " A %`C	ﬁ()J =	 
	5 Jﬃ#5%

ﬂ !
ﬂ"ﬃﬀ
,
ﬂ"
	5 3A
I
  :>E> :
b
7 5

A A 7 50>

7 ,< :7 5

5,@=
 
ﬁ /8=
b
7 5

50+
 
/

503

/8=
b
7 50+

7 6 7DE  58ﬁ9D31()  (=9 9^	ﬁ)
	ﬁ
,
 
	X =	C=9
"


,
%9:	.1 =A
	6
C()9
ﬂ
A:  A

ﬀ(%aﬂﬃ
()#V
!
	ﬁ(*ﬀ

)
&

ﬃﬃ+	ﬁ;	MC	1
&
(=
ﬂﬃ
 2ﬂ
Ea=3d>%A
.<.=B+

* :ﬂ7 <0A

>!:#$< +.-ﬁ

:ﬂ> :	ﬂ-9 <(, H ( "! ( "=A
;=<?>@?ACB3D3EF=G?H'G?IB2FI7D2<JFLKLM7HND3ACEOI>QPNDNI2MEOACIEOD3H U
ee
 1 1
D3HN>B3H
A32E JEID2<?P

E@HNA
	6
C()9 ﬂ Aﬃ & A ! 	ﬀ?(  
ﬂ!C
	  	ﬁﬃﬀ	ﬁ 	MC
	1
&
(=
ﬂ  ﬂﬃF '	 )#A I 
-+ﬀﬀ =ﬂ"@9!%4A -QAﬁ9!90	)<-9A  Aﬁ9 FEﬁﬀ@9 A  Aﬁ9 ,  =	ﬁ<9 - &:>?7/8= :A

<0- :3 79/

/8=8:A

A

0/E+
7
  >D= ﬁ

/8=8:A +5 - "S
7
A 	ﬂ9 31() !  >9 " > )#A  ﬀ*Ea
	 =	9ﬂ VFﬃﬀ F 
	C ﬂ 3 ﬂ

Vﬀ	3A
	6
ﬀ39 ﬂ A  A  A

'ﬁﬁ	ﬁ()T()[ (>	ﬁ
	ﬁ)GﬀV  %3
	@A -

7 ﬁ

/8= :A

>
. 5#ﬁ

A :> :
	->9Q  H &! (=A
	.ﬁﬁﬂ"@9 F A %$ AD,@-&A

3 = ﬁ4< < :	<

3 3 =BA#	>A'E`
	ﬁ'9^	ﬁ)
	ﬁ
Ea3A

 	._ H & ﬂ%$  QA
	.ﬁﬁﬂ"@9 F A2 %$ K0 A ﬂ ﬂ"	)3ﬃ 		3'3AT*9:7 <0A

> :ﬀ
 
/

503

/8=ﬁ

>

5#ﬁ
 
AC= ﬁ0+9 & H&%$! 
&"(A
	Xﬁ	39TLA EFAﬁ9  	  )Mﬁ%9 E A I Aﬁ9  -
39 " A ﬂ A- %$ A  ﬀ2 Zd
	ﬁ)V4ﬀ	ﬁ
ﬃ1M3ﬁ	ﬁ
IV
 =ﬂ	ﬁ	

	ﬁ(2B31
	C@13'	ﬁ(
	\
	ﬁ	ﬁ(ﬃ (*ﬀ<A-< < 5.+ 54A0ﬁ 59 & H $! #"&=A
	X9ﬂKd
(9	0Aﬁ9 I *)6	>9 " Aﬁ9

>3d9

Aﬁ9	.
ﬁ	ﬁ@9 " Aﬁ9ﬃL)ﬀ@9 " A E Aﬁ9-  ﬂﬁ	ﬁ@9 	+A  A

(> R3
	ﬁ( V!B	ﬁ'
	ﬁ)N
ﬀﬃﬀ
	Nﬁﬀ1<A I   th 
A A 7

> ﬁ :Aﬂ 50< 50A0ﬁ 5$:A
 :3 7/250<?	<



=ﬁ0+

A

=EAC/250<

ﬁ /8=&5 /258ﬁ

A = b 7 5.+   
7
< A  ﬂ931())(V!$' (&=9=_^ )

	-9
_

9 9
ﬂ
A
ﬂ
	
"
Ea3A
	.ﬁﬁ	%9EFAﬁ91E ' =	%9
ﬂ
Aﬁ9ﬀ@9-Aﬁ9  	ﬁ@9-A
  AX_(%; 	
  
% H
ﬂ 

 - 	
"#

ﬀ
ﬂ]A
I
S.AC/250<0A

/8= :A

>  :Aﬂ 50< 54A0ﬁ 5 :ﬂA
 
ﬁ

=EA 5 5

<0A =EA 	>9!31() ' ! Q' =9=
"
9	.ﬁ	WV
	C=A
"

(78#=Vﬂ"@A
	Xﬀ 	ﬀ39
F
A
ﬂ
A  "& A
ﬂﬃF
K



)  	X'

=
ﬂ


ﬂ "
K	ﬁ
F
Kd3A 
- - -
. <

A +

ﬁ /8=8:A +@:ﬂA6 :  :ﬂ/8=ﬁ0+

A
57
7/;:3

/8=8:ﬂA19
Fﬂ  
  ! H <( =A

ﬀ_ ""
 
( &%$ﬀA
	X*)6@9@LAﬁ9 	
@9
F
Aﬁ9X 	.ﬁ%9
ﬂ
A  %$= Aﬀ

E
!

% H. 
<3G )X 7P3
	ﬁ) 3
	ﬁ(
''	ﬁﬂﬃ'3A@.AC/254<.A

/8=8:A

>+* :79<.A

>!:ﬀ
 
A

 
ﬁ

=EA 5 /87

= 5.+9ﬃ$ H&%$=! #&&=A
	X*)6@9 LAﬁ-A ﬁ	
@9
F
A
F
A %$=" A
ﬂ
31 =	ﬁ(>ﬂ"
	20:ﬂ53"V/P

	1	Cﬁﬂ
I	ﬁﬁﬁ	ﬁ()'
	ﬁ

ﬃ
	1F
=
ﬂ]A .AC/250<0A

/8= :A

>+*9:7 <0A

>:ﬀ
 
A

 
ﬁ

=BA 5 /87

=;5.+ 9ﬂGH ! *=A
	Xﬃ	ﬁﬁC :92%4A  %$ A 5.+@3

ﬁ

=BA 5.+ﬃ 54A + 50=G	A 54< A
!

ﬂ +39E 
	3A

 	._ H
 
"&& 
 
& ﬂ
 
&=A
	Xﬃ39DLA) " A 5

E;&54> :   503*50AC/

5>A 54Aﬂ

AC/ ?T

(:ﬂ=B<

=E< 5C +

(:=E< 

=E< 5A`E49

9EF
	3A
		 ﬀ1 =39LA
"
Aﬁ9

 3%: 9
I
Aﬁ9>
"
ﬁ` :$
!
1
39
I
A2 A!5 /8<

=8/1E

5 >

<E

>D=8/1Eﬀ =B<4/87 50>B> 59
ﬀ13	ﬁ


7<3
	[ ﬀ	ﬁﬂﬃﬀ	ﬁ
ﬃ 3-B%$&343
	()>A

Ea 
%$ %`B 
"
	ﬁ39 %:ﬀ	 +ﬂﬃ
,
 =	ﬁ
	@A
	
39
!
A

A- 	.34339
	0A -QA  "" A ( :79A

/8=8:A + :ﬀ .AC/250>E>D= 	 54AC/ . 79/;:<0=EA 	0C-&+4/2503 + 9-ﬁﬀ13	ﬁ


 
	 V

'ﬁﬁ	ﬁ()


	ﬁ( 
ﬀﬂﬃ H
ﬂ


'
' %
	@931()  Q=A %a
ﬁK1ﬂ]9
!
	ﬁﬁ >9_ILA
	
@9
F
A
F
A " A/.AC/250>E>?=G	 50A />. 7/;:<0=BA#	 C-&+0/2543+9aﬁﬀ13	ﬁ

I
	C(>>	ﬁ( K()	ﬁL 
	ﬁﬂ53
3ﬀ % 	ﬀ	ﬁﬁ%931()E'%$' Q'"=A
ﬂ
3 ﬂ	#Ea39

 @9%a(>C :A
	
@9
F
A
F
Aﬀ 	X*)6@94L1A!-A  " AS.AC/250>E>?=G	 50AC/. 7/;:<.=EA 	  -(+4/2503 + 9ﬀﬁﬀ13	ﬁ

ﬂ
J	ﬁ')

	ﬁ(
	
V1ﬂ53a)ﬁﬀ	ﬁ(0V! 	ﬁ=V!
ﬂ"'3
	ﬁ(#
	ﬁﬀ	ﬁ
	39J31()S$! *"=A
ﬂ
3 ﬂ	.Ea39

 @9
%a(>C :A
U
e/ "21$#&%('*),+.-)(/0
	ﬃ&)9 " A EFﬁ	 	>@9 " A" ! A ﬂ 1ﬂ
	&	ﬁ(+ﬃﬀ.)9
	1
 3ﬃ 	ﬁ):=<A I  3d39  Aﬁ9
-+ﬀ' =ﬂ"@9 %4A I Aﬁ9 @9 ﬂ Aﬁ9  () @9H Aﬁ9`	ﬁ(>39 ! A  (" Aﬁ9 -+@9 " Aﬁ9 ﬀ@9 -Aﬁ9 I 
	ﬁ()9 " Aﬁ9<EF&3ﬃﬀ 	d9
-Aﬁ9 -*ﬃ&3@9 " A ! Aﬁ9		)>9ﬂ%4Aﬁ9 ,  =	ﬁ<95 50A 5 /8= ﬁ

A

- (:>D79/8= :A

<0-5 :3 79/

/8=8:A  :A! 50< 50A0ﬁ.5
 - ?  A 

ﬂ9 31() ! *(=9=  	9.	.ﬁ	WV!
	C=929  ﬂ A " 
(78#=V ﬂ"@A
	ﬃ&)9 " Aﬁ9 =


)9 8Aﬁ9d -+ =Kd
(9 I A  A  
1ﬂﬃ'B
	 H-
K
F3ﬃ
	ﬁ $	 -A I  	.ﬃ   E &)9 %4Aﬁ9 ,  =	ﬁ396 54A 54/8=ﬁ

A

- &:>?7/8= :A

<0-  :ﬂ3  79/

/8= :A/ :A! 50< 50A0ﬁ.5
 - ?  A <ﬂ9 31() '"%$' Q'"&=A 3
	ﬁ()3A
	ﬃ&)9 " A. G	ﬁ@9  A -A  A ﬂ  ﬁ()
	ﬁﬃﬀﬂ	I 
	G3
	 V$	 -A *9:79<.A

> :# :#0/
 :3 7/8=BA 	)9D& ,! ( H <(( Q' =A
	.319_Aﬁ9 " ﬁC=9 " Aﬁ9)=
9!-A2 A ﬂ 	

  H ﬂ "()' K1 	ﬁ'ﬁﬁ	ﬁ()Xﬃ
	ﬁ(

=
ﬂ V! =	
ﬃ3
	ﬁ(A I 5.AC/250<0A

/8= :A

> 1 :<  +

:  =BA
7  
 /

/8=&5

A

.AC/254>B>D= 	 50AC/
1 5   

+ 5

-

7 ﬁ

/8= :A

> C-&+0/2543+3? ( = 4/

.AC/250<0A

/8= :A

> :Aﬂ 50< 54A0ﬁ 5 :ﬂA .A /250>B>D=G	 50AC/ . 79/;:<0=EA 	
C-&+0/2503 +.T?A ;ﬂ9 " '
3%9 'ﬂKd>9.	.1 =A
	. :9,-A8Aﬁ9 " @9  AE Aﬁ9QR_^ )Xﬁ%9 ﬂ A  " A .

5  +.-ﬁ

:> :	- :ﬀ

7 3

A  ﬁ :3 7/250<
=BA /250<

ﬁ /8=8:ﬂA1A  *)6 %a
ﬁK1ﬂ]9   @A
	.&33%:d9%4Aﬁ9
I
'	ﬁﬁ39

Aﬁ9' =	ﬁ
 2F
ﬂ"392	0A. A'-

ﬂ 
^	ﬁ
ﬃ1-
	ﬁ	ﬁ(A


ﬂ"
	C
ﬂ"	ﬁ1>A
I




> " =E<0/87

> C ( =E< +4/+.A /250<.A

/8=8:ﬂA

>" 

!5

<0A =EA 	  503 =EA

<CT =E<0/87

> < 5

>?=8/8-
=BA /250<.A

/8=8:ﬂA

>
ﬁ :A! 50< 50A0ﬁ.50#" K=A $;ﬂA
	6ﬀ1@9

A@ A  	6	ﬀ	ﬁ@9
ﬂ
A&	+A   A .A /250>B>D=G	 50AC/. 79/;:<0=EA 	QC-&+0/2543+
7
/ /

5 < :&+ +0< :
 
+ :ﬀ
7
<0/8= H+ﬁ4=

> .AC/250>E>D= 	 54A0ﬁ 5

A

-

7 ﬁ

/8= :A19`ﬀ13	ﬁ


3
	ﬁ( ﬂ531	  
ﬀ
ﬂﬃ<9 31()&! *=A
_^ )X'ﬀ :9_ILGH
ﬂ
K0:dA
	6ﬀ@9	0A

Aﬁ9	6ﬀ1@9

A Aﬁ9

	ﬁ@9	0A LA A
F
  	ﬁ(ﬃﬀ63
	ﬁ(ﬂ531	 H>ﬃﬀ31
39
339- 2V ﬃV  %3
	1 ()3A  :ﬂ3  79/250<.+
-

7"ﬁ

/8=8:A 9D( , H ! &=A
	MC
)9 A4LA
 " A - 9

I 
_A?* :ﬂ7 <0A

>!:#9 :3 79/254<

*

+ 5

.A +4/8<.7 ﬁ /8= :A19ﬂ  ! H"! Q<(A
	Mﬁ	WZ 9
I
A<
F
><9 -A"  A
ﬂ
  =	ﬁ(

ﬂ53-

"
ﬂﬃ
#  	 -A
F
343d
 ﬀ	5 	 
F
EA( $ﬀ9
ﬀﬁﬀﬀ V	X(>	ﬁ
	ﬁ)B  	Xﬂ53
	ﬁ( ﬀ	3929^	ﬁ)
	ﬁ 
NV	0: A
	Xﬁﬁ	ﬁ39
ﬂ
Aﬁ9 
ﬀ 	d9,%4A
!
Aﬁ9/\E  ,ﬂﬃ>9ILA  %$= A .

5 < +.-ﬁ

:> :
	- :ﬀ !5

<0A =EA 	

A


:ﬂ/8=

/8= :A19a)9ﬂﬃ =9 ﬀ13	ﬁ

ﬂ
1ﬂ
ﬀ	J  
ﬀﬃﬀ	"V


	C
I
	C(*39 31()9( ! 
"%$ﬀA
ﬂ
3 ﬂ	#Ea39_0 )

	-A
	X

	ﬁ9
ﬂ
AM 	ﬃﬀ39
I
A$ A
ﬂ
)ﬁﬀ  ﬁCK-
	ﬁ)U3
	ﬁ([ﬀ	ﬁﬂﬃDV!

	ﬁ

 
C
	ﬃﬀ	G3Nﬂﬃﬀ ﬁ	ﬁ(A
I
 -#ﬃﬀ	39 -QAﬁ9

@9"	0Aﬁ9 

ﬀ@9=8Aﬁ9
,
 =	ﬁ39 $
th
.AC/250<0A

/8= :A

>S :Aﬂ 50< 50A0ﬁ 5:A6.AC/250>E>?=G	 50AC/. 7/;:<.=EA 	5C-&+0/2503 + 9')9ﬂﬃ '"V  58ﬁ /87 < 5

: /25.+ =EA
 :3 7/250<.ﬁ4=;50A0ﬁ.59431()! *=9
"
'

,
%90	.1 =A 3
	ﬁ()3A
	X&)9 L1A- ( A %a91
	Rﬀ	5  H1% :#3
	ﬁ(UﬃﬀJ	ﬁ
	[V
!
	

 PV().
(>	ﬁ
	ﬁ(A
I



ﬀ39
F
Aﬀ_BAﬀ,	X&)9LAﬁ9
,
 =	ﬁ39  :ﬀ4/ /

< 5
-
A 	ﬂ=BA 5 50<.=EA 	

A

 7 3

A

 :3 7/250<).AC/250<

ﬁ /8= :A4C1 :<  +

:  :A
-
 * :=EAC/  5.+ 5

<ﬀﬁ

 + +07 50+ 9>)9ﬂﬃ"&#V !5#ﬁ /879< 5

:ﬂ/250+@=BA  :3 79/254<.ﬁ4=;50A0ﬁ 59D31() ! ( "=9 ﬀ
9

ﬂ
)A  3
	ﬁ()3A
	M*)4 394_A
ﬂ
A    A
7
79/;:ﬂ3

/8= ﬁ/. 5

ﬁ

=BA#	 >.

5Q /

/25 :ﬀ /

5
7
<4/!9.ﬁﬀ13	ﬁ

ﬂ
ﬂ"
	
ﬃ
	ﬁ("K
Jﬂﬃ3^VF	ﬁ'

	ﬁ
	3(>ﬂﬂ	ﬁ(9ﬃ31()Eﬂ! Q'&=A; 	ﬁ
)9_

A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
eHY
 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
I ﬀ	39 LA F Aﬁ9 -+

39-A ﬂ Aﬁ9  ﬃﬀ@9Q_Aﬁ9 F 	ﬁﬀ@9	0Aﬁ9'	 =39 	0A  Aﬁ9 F 	 	)%95LA; ! A

B3-
	ﬁ( ﬃ
	C]

(>	R	ﬁ'  	ﬁ'ﬁﬁ	ﬁ()L	
3A I  	 th
=BA /250<.A

/8=8:ﬂA

>
ﬁ :ﬂAﬂ 54< 50A.ﬁ 5 :A .AC/254>B>D= 	 50AC/+3 + 54< .AC/250< 

ﬁ 5.+ 9!31()T ! #&=9$='  >93_0 ) " 0:ﬀ	9ﬂ9^	ﬁ '3A
ﬂ 	 " Ea^_^ )

	d9_

9"9 ﬂ A

 	._ﬀH    "       >A
I  	.'39 	+A,	.

ﬂﬃ9 I A)  A.!5

<0A =EA 	5 =E/25.+ :ﬂﬁ =

>

A

. 5#ﬁ

A :> :
	= ﬁ

>  50+4:79<ﬀﬁ.5.+ :<
!5

<0A =BA#	>9aﬁﬀ13	ﬁ
 '	ﬁﬃ1   3
	ﬁ( 	ﬁ ﬂ ﬂﬃ ﬂ ()<9ﬁ31() &! ( "=APEF
(ﬂﬃ
Ea39 ﬂ ﬂﬃ ﬂ]A
I  " 
ﬂﬃﬁﬁ	ﬁ@9 " A) "( A A =EAC/250>E>?=G	 50A.ﬁ 5

5>

/ﬁ

5<? - > E03*50AC/E+

A 50< 	 :A :3 =;5ﬃﬁ :	A =8/8=&5A EF
 (A
I   >9 -QA1 & A 

(:=E< + /

E :<0= b 7 50+654/ +

(:=E<.+

A

ﬁ /8= :A19 ﬁﬀ13	ﬁ
 =)	ﬁ<9-ﬂ53 , 
6
3	ﬁ%9231(),! ( "=A E49  9EF
	<A
I 

>9_BA" A

- .
7
, - C 79A -  50<.3*1

=
F7 
 /

/8=  ,@-A

3 = b 7 5 :79< >BA - A + 50=G	A 503*50AC/!A
 ﬀ,+ * '3929^	ﬁ)
	ﬁ ,   F @9  >A

=V!
ﬂ"
	5 >A
I ﬂ"&33@9

A  A  ﬂ 	ﬁ'
	 #ﬁ
	ﬁ)/K-ﬀ13'	 	ﬁJ()   K1 J
=
ﬂﬃ3A I 
-
79< :  5

A/ :ﬂAﬂ 54< 50A.ﬁ 5 :AR :	A =8/8= 5:ﬁ4= 54A0ﬁ 59231() %$' Q=A
I
<3d3)39 	0Aﬁ9 -0	C =	ﬁ1=9
"
Aﬁ9
"

@9E A  " A  5.+ 50AD =E< :ﬂA A 503*50AC/E+

A

  < 50AC/8=B+ +

	 5
3 79>D/8=E39E

=

A

$
!

ﬂ"
@A
I
ﬀ@9
I
A) A  A E4/;: 5

5>

<E

>D=8/1EA-	.	ﬁ	%9EF
	3A

 %
	

Aﬃ	6ﬁ	ﬁK13A
I
	ﬁﬁKd
(9ﬀE A. ( A

ﬀ4/V 

	1	C 	ﬁﬁﬁ	ﬁ()0ﬁﬀ	5	X	ﬁ"
	ﬁ	ﬁ(V  )X>A
I

-
79< :  5

A  :A! 50< 50A0ﬁ.5

A

  5#ﬁ4=

>?=B+0/@. <

5(

=B<: :<
-

7 ﬁ

/8= :A

>

A

.Aﬂ :<03

/8=8:ﬂA . 5#ﬁ

A :> :	-
 
-
7


.
-
A  ;=ﬂ9#31(),! *"=A
I
	 	ﬀ	C@9 -A  ! A
!
E

 H:ﬃKdﬀ1ﬀ	*ﬂﬃ' ﬁﬁ	ﬁ(DC(*1()V!+ﬂﬃB()3A
I

/

5FH20/

=BAC/254<.A

/8=8:A

>-ﬁ :ﬂAﬂ 54< 50A.ﬁ 5 :ﬂA
7
79/;:ﬂA :36:7 +

	 54AC/E+Q
7

- 
.T A 

ﬂ9T31() (  ("=9
_0 )

	-91_

9 9 
ﬂ
A
ﬂ
	
"
Ea3A
I
	 	ﬀ	C@9 -A"( A
"
ﬀ +ﬁ	
	@9
	6a	ﬁﬂ"
	ﬃ :$&() ﬀ	ﬁ
ﬃaﬂﬃ
,
)91
 U  ﬀ	ﬁﬂﬃI	ﬁ=V!
ﬂ
,
\ 

ﬃﬃ
,
3A
!
K	ﬁﬁ	ﬁ
	 L =	ﬁ
	ﬁ()\Uﬁﬀﬀ39
9^	ﬁ)
	ﬁ
,
 
F


A
I

	ﬁ()9
"
A   A
ﬂ

ﬀ  ﬃﬀ
ﬂ

"
 H

3
	ﬁ(I 	X
/
F
3
F
KdBK

I
	


	ﬁK  	MC
	1 
=
ﬂﬃ3A
 
ﬁ

=BA 5 !5

<0A =EA 	>9  H ! (=A
I

	ﬁ()9
"
A=
	.
	ﬁ	%9
!
A) ( A
ﬂ
	Xﬂ531
	\V'
 (
3
	ﬁ(D  	MC
	1 
=
ﬂﬃ3A
I

( < :3
7
A =E3

> +*/;:
7
A =E3

/E+   .

=B<

.AC/250<0A

/8= :A

> :Aﬂ 50< 54A0ﬁ 5 :A C=E3 7 >

/8= :A :ﬀ
7 
 /8=&5
* 5
 
 =8:< 
7
*>A  ;=ﬂ931(),( "! =A

ﬀﬁﬂ"@9-A%/A0 %$ A
-
.  
7
C-&+0/2543  :<@ 5  < 5.+ 50A /8=BA 	

A

3 +0=BA#	F 5

>

1 :<.>
 &
A :*/ > 5

	 5A
"


E`39	.ﬂK
	 =()>9
" ﬂ
A

C)ﬁ%9 LA
!
A2 " A
I+,
)=343-ﬂﬃ' ﬂ
,
(>	ﬁ
	WV
A
I
 	X	 3 :9%LA>
F
	ﬁﬀﬁ>9
"
Aﬁ9
,
 =	ﬁ39
< +0-ﬁ

:> :	=;5

E;&54> :   503*50AC/

> 5C < : 0> 103*5.+ 54/ <BE

>?=8/1E.+9D31(),! (V>9 	Mﬃ%:ﬁ@H
"
 (=A


>9 %/Aﬁ9
!
	%9

Aﬁ9 	)
'>9^8Aﬁ9
I
%9 %4Aﬁ9,	. =	ﬁ1<948Aﬁ9 `
39%/Aﬁ9
!
 =
	 	 :d9
8Aﬁ9ﬁ '
C 


>9
"
Aﬁ9:'	ﬁﬂ	ﬁﬁﬁ	@9

A4  A ﬀﬂ"'
	J  3d ()(>	Q	ﬁ=3dK	ﬁﬁ	ﬁ 

ﬂﬃﬀ1	
ﬂﬃ/	ﬁNﬃﬀ
ﬂ F

ﬂ I
_$%[ %3
	1 <3->
	ﬁ
)A?


,  5#ﬁ :<

9:"  ! H ! =A
U
/ f "21$#&%('*),+.-)(/0
 ﬁﬀ<9MEFAM 		 ﬀ1 =39 LA " A, A !5 /8<

=E/1E

5$>

<BE

>?=8/1E  =E<0/87 50>E> 59Xﬁﬀ13	ﬁ
 ﬂ 343'ﬀ
ﬃﬀ , 
	5 0 3(>ﬂ"
	5	0 4C* , ﬁ	ﬁ , '	ﬁ
ﬃﬁ>A  MEaM /%$ %`0  " 	ﬁ39 %:=	 +ﬂﬃ
,  =	ﬁ
	@A
 ﬁﬀ<91EFA1 " 3@9 -QA
 A !5/8<

=8/1E

5>

<E

>D=E/1E  =B<4/87 54>B> 5A.Ea^ *%$ ,  4ﬂ	ﬁ39
EF
	<9  ,  =	ﬁ
	@A
-+
()>90	0A) " A
7
  < 50A

< 5 

<@>BA

ﬁ /8= :A1AaE9  A
-0	ﬁK@9LA LA " A^	ﬁ1ﬁﬂ
'
ﬁ "ﬀﬂﬃ
	J ﬀ	ﬃ11
	'
	"	ﬁJ	ﬁﬂ"3A * <.=8/8= +

* :79<0A

>!:ﬀ$< +.-ﬁ

:> :	->92(  , H '"! Q(A
-0	 	d9 " A  A@ ! ﬂ
))
	-9:8ATLA " A ﬀﬀﬂ"N	ﬁ %
	P 1(>	3M
SV!3A  :	A =8/8=&5
< +.-ﬁ

:> :
	->9 ' H  *"=A
-0	ﬁ :9 	+Aﬁ9 F Kd
39 -QAﬁ9d -	ﬁﬁ39 ﬂ A  ! A L) ﬀ	  , N+	ﬁﬁﬁ	ﬁ()"

	1	ﬁﬃ	ﬁﬃ , >A .A
 :	A =8/;:>92 H%$' $ =A
-+ =Kd
(9 I A2%4A  " A 50A 54/8= ﬁ
7
> 	 :<0=E/

3+@=EA  5

<#ﬁ

C   /8=B3 = 

/8= :A

A
  
ﬁ

=BA 5 !5

<0A =BA#	>A
ﬂ
  =	  

)A
-+ﬀ' =ﬂ"@9 	+Aﬁ9 ﬀﬁ39
ﬂ
Aﬁ9

	ﬁ@9

Aﬁ9:-*	ﬁﬂ"
	%9
F
A  " A %a(>	ﬁ(U
ﬃ 1
	
 U

	C
	 
	ﬁ(23
	ﬁ(2ﬂ531	@AF.AC/250<0A

/8= :A

> * :79<.A

> :#
7
<0/8= H+ﬁ4=

>+.AC/250>E>?=G	 50A0ﬁ.5
=BA
-

7 ﬁ

/8= :A19Q H %$' =A
-039
ﬂ
A	0Aﬁ9  	ﬂﬃ
 (!


	ﬁ()<9'8Aﬁ9 G	ﬂﬃ
 (!


	ﬁ()39ﬀE Aﬁ9ﬀM8+&)9
F
A0  A
ﬂ
ﬃ H
Q
	ﬁﬂ!C
	UV ﬀ	ﬂ"7ﬃ3AK*9:79<.A

>!:ﬀ9 :	AC=E/8=&5C-&+0/2503 +ﬀ 5.+ 5

<#ﬁ

9@ H ! # >A
-0ﬃ1@9+LA

Aﬁ9
I
	ﬁ3@9@EFAﬁ9@EF	@9
F
A  " A	X<3
	P ()ﬃ QCD	ﬁﬂ!C
	@A !5
. <



=B>  7 3

=EA19D&  H &  *"=A
-
,
 :9ﬀE A: ASC-&+4/2103*5.+

5 ﬁ4>

+ + 547 <.+  E4/87

5

5 >BA

  < 50AC/8=B+ +

	 5 >

/254AC/!A

ﬀ,+^ ^ ﬀ39
9/	ﬁ)	ﬁ
,
EF
	 

A
!
WZa9
!
A
"
A "" A 	6

	9ﬂ  I	ﬁ
ﬃ
		ﬁﬂ" Pﬃ3A
I
#EF@9
"
A 	0A

F
	ﬁﬀ1 @9+LA+LAﬁ9
,
 =	ﬁ39 ( :ﬂ7 A
 
/8=8:ﬂA + :ﬀ .AC/254>B>D= 	 50AC/ . 79/;:<0=EA 	0C-&+4/2503 + 9 31() $! Qﬂ"=A
%a
ﬁK1ﬂ]9
!
	ﬁﬁ >9_ILA
!

39

Aﬁ9

	3@9ﬃLAﬁ9
F
	ﬁ(>	391EFAﬁ9  	6ﬀ	ﬁﬁﬁ	39-EFA  A4
F
	HUﬀ	ﬁﬂﬃ# 

	ﬁﬂ!C
	P	ﬁ
	ﬁ)Jﬂ!ﬁ
	
 
()'3A0 5; 7 5

5.+5.ﬁ4=;50A0ﬁ.5.+ 54/5. 5#ﬁ

A :> :	=;5.+

56>A .Aﬂ :<03

/8=8:ﬂA4C
+ E0<0=;5. 5#ﬁ

A =
b
7 5.+ 54/ :ﬁ4= 54A0ﬁ 5.+@=EAﬂ :<.3

/8=
b
7 5.+ﬀS.+;ﬃ.T1ﬂ9" ( H ( ! #(A
!
(*
)9

Aﬁ9ﬁ=&<=9 	0Aﬁ9 	.
9
ﬂ
Aﬁ9:
I
ﬃﬀ@9

A A - $	  H
ﬂ
()
	JC
	1#
=
ﬂ
 [	ﬁ"343ﬁ	3
	G	ﬁG 34
	ﬁﬂﬃ]ﬀ=3d
	ﬁ)NK-ﬀ13'	J
	ﬁﬂ!C
	3A
I
.AC/250<0A

/8= :A

>
C-3:&+.=E793

A

:ﬁ

: :>C:ﬂA
7 


A0ﬁ 5

, =B+0/8<0= 47 5

C-&+4/2503 

7
,F@A  ﬂ9 -.1 C 
=9
"
0:ﬀ	5	>A
!
ﬀ>9DLA
"
A
  A. <

=E/1E

5 < +0-ﬁ

:> :	=;56 :	AC=E/8=&5-9ﬀ13	ﬁ


^1	Y^
1'
?3ﬀ
,
 %39431()K( &! #=A	X <A
!
ﬁC :9!LA %$=& A
ﬂ
 3
	@A
I

F
>@9
F
A3 'ﬁ%9

A
"
Aﬁ9
,
 =	ﬁ39 < < :	< 5.+ +,=EA /

5 :< 54/8= ﬁ

>
0= :> :
	->A_^ )

	 HEa	ﬂ]A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
/
U
 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
! ﬁC :9 L1A  F 	ﬁ
ﬂ"@9TL1A- %$=" A 	X(>	ﬁ
	ﬁ)2 
ﬀ
ﬂﬃK1    3
	ﬁ)Nﬁ()
	ﬁﬃﬀﬂﬃ3A I 

ﬂ"@9 I A ﬂ A ! 
)  2F ﬃﬀ@9  Aﬁ9 ,  =	ﬁ39 <

/ /250<0A 

=B< 5#ﬁ /25

=EAﬂ 54< 50A.ﬁ 5 +.-&+0/2543+A3_0 )

	 H
ﬂ 3 ﬂ	JEa3A F <3
	ﬁ  	ﬁ H %`)9
	1
 	Xﬂ53
	@A  ﬀ  >
	ﬁ F  :A I 3'	  	0A
 ()- %` :A 

%4%4%GEa39"=A

 	._ﬀH2   $="   ( "    $ﬀA
! ﬁC :9ﬃL1A ! A  %$= A
7 
 /

/8=8:ﬂA =BA 

/879<

>

A
97
<0/8=  ﬁ4=

>C-&+0/2543+A$9^	ﬁ)
	ﬁ
\V " 	ﬁﬀ	ﬁ(
Ea39 ﬂ  ﬂ 
Kd39 "

A
! ﬁC :9LA ! A " A ﬂ  3
	ﬁ) ﬁ()
	ﬁﬃﬀﬂﬃV! =	3)
	ﬁ(   
	ﬁ( ()931


	ﬁ (>*)6	ﬁ( 	ﬀ*)6 =() K1<A .AC/254<.A

/8=8:A

>ﬀ*9:7 <0A

> :ﬀ < :>?=ﬁ4-
7
A

>D-&+.=B+

A

.Aﬂ :<03

/8=8:A
C-&+4/2503 + 9(, H ( ! &"=A
! ﬁC :9ﬀL1A ! A  " A Ea=3d

	IVﬃﬃﬀK 	)UK
	ﬁ( [ﬁ()
	ﬁﬃﬀﬂ]A I  .A /250<.A

/8=8:ﬂA

>
 :A! 50< 50A0ﬁ.5 :A  54A 54/8=ﬁ
7
> 	 :<0=8/

3 +

A

.

50=B<
7
  >D= ﬁ

/8=8:ﬂA + 931()  $ﬀ9Ea	ﬁ

K
(*ﬀ@9 E ﬂ A
! ﬁC :9 LA ! A "& A %`33	ﬁ(PK
	ﬁ

$H  ﬀ3->
	ﬁK	ﬁﬁ	ﬁ
	"V+()   3B3->73
	ﬁ(
ﬁ()
	ﬁﬃﬀﬂﬃa343ﬁ	 31ﬁﬀﬃ   K1 Q
=
ﬂﬃ3A I  " 	ﬀ1	ﬀ	%9 F A -Aﬁ9	.
K-ﬁ%9LA -QAﬁ9 
" 	ﬁﬁﬀﬁ%9  A " Aﬁ9 ,  =	ﬁ<9
 
ﬁ

=EA 5  5

<.A =EA 	 
7
A
7
<4/8= H+ﬁ =

> .AC/254>B>D= 	 50A0ﬁ 5
7
  < :

ﬁ

9>)9ﬂﬃ=9
31()I ! #&=A8#=V ﬂ"@9  > ﬂ ﬁ>39	 ﬂ A
!
 
)>9 L1A  "" AQ.

E :<0= 5 54/  <

/8=
b
7 5.+

5 >A E

7"ﬁ

/8=8:A + ﬁ :>

=B< 5   56/8<.=

A 	ﬂ> 5	4E

	 :	=
b
7 5A
EF

(91EF
	3A
!
*). :9
F
A
ﬂ
A0 & K0 Aﬁ, -A

3 =ﬁ< < :	<

3 3 =EA 	

A
- 
< &: < < :ﬂﬁ 5.+.+ A
"


E`39	.ﬂBK
	 =()>9
" ﬂ
92$
th ,
 =	ﬁ
	@A

"
  A+

  5

<.A =EA 	, 5.+.=G	A9.Aﬂ :<03

/8=8:A

:

54> A

"
 -0K1

3
	ﬁ('	X

	9ﬂ]9

>A
I
	B3d	ﬁK ﬁ ﬀ'
B3 H   ) ) )#A 	ﬁﬂﬃ
(>K1%AH
(  3
	ﬁ() 	ﬁ(>   = <3  	ﬁﬂﬃ 	ﬁ=V!3ﬁ<3=A ﬀ
ﬂ
!
,
 
,
 ﬂ     A
L)ﬀ@9
I
A " A0	ﬁ
ﬃ1'''	ﬁﬂﬃ' 	ﬁB
ﬂ
3'	C
	
	ﬁ	ﬁ(A
I
62
th 7
A A 7

> . <

=BAC=BA 	
. 5#ﬁ

A :> :
	- . 5#ﬁ

A = ﬁ

>6,< :7

5 54/8=EA 	>9431()( $' #&=A
L)ﬀ@9
I
A
"
A-G	ﬁ(*ﬀ'
ﬂ"@9
I
A:	0A   A 90
	ﬁ(Jﬀ	ﬁ
ﬃ1aﬀ	ﬁﬂﬃ#V0
	ﬁUV!ﬂ	ﬁﬁ	C
 

	9&<
	@A
F
343d
4ﬁﬀ	5	
ﬂ F

F
3ﬁﬀ
F
<3-
 '&&"=909BA -A
ﬂ

ﬂ 

F
3ﬁﬀ


	ﬁﬃ+V
ﬃﬀ	.ﬀ13'	   ﬀ'	C ﬀ	<9
ﬂ
0: =
	C=A
8*
ﬂ"
>9 -QA, A  /8<

/1E 	ﬂ= 5.+

A

  < 50AC/8=B+ +

	 5 54/

79/;:<E 	79>

/8=8:ﬂA 50A
-
< DC@79A 5 < 5#ﬁ

50<#ﬁ

5

50+ ﬁ4<0=  /8= &5 54A ﬁ :ﬂAC/25
	ﬂ/25+ ﬁ :>

=B< 5A

ﬀ,+# * ﬀ399^	ﬁ)
	ﬁ
,
 
F
$=A
8*
ﬂ"
>9-QAﬁ9

ﬀ 3ﬀ	ﬁﬁﬀ@9TLAﬁ9d

ﬂ	ﬁ(9
I
A ( A

')

	ﬁ(
	 V ﬃﬀQWV
 
(*C
	
ﬂ53dN
ﬃ 'Dﬂ53 
T	ﬁ ﬃﬀ 3ﬀ
ﬀ
	3+ %3
	 

	ﬁ(A *9:79<.A

> :ﬀ . 5

ﬁ

=BA#	 =BA
<

-(+0= ﬁ

>
-

7 ﬁ

/8= :A19D31()I$* *=A
8+=3=V
9
ﬂ
A
!
A  %$  A,	X	ﬁ V 
	 I 3
	ﬁ)ﬃ 
ﬀ
ﬂﬃ
 
 ﬀ>

	ﬁUﬃﬀ
)A
F
343-

ﬀ	5 
ﬂ 
	
F 
$ 
 
 '&(9
ﬂ
	ﬁ

 	.ﬂBK
	 =()
F
3ﬁﬀ

K-
	<A
8^' =Za9

A3
"
	ﬁﬀ1	ﬀ	%9
F
A-Aﬁ9
,
 =	ﬁ   A
 
ﬁ

=BA 5. 5

<0A =EA 	 
7
A
7
<4/8= H-ﬁ4=

>=.AC/250>E>D= 	 54A0ﬁ 5
7
  < :

ﬁ

91)9ﬂﬃE=A`8#=Vﬂ"@9=
"
90	
ﬂ
A
8^3>39

A2 & A2%a)ﬁﬀ	ﬁ(

3
	ﬁﬂ"EF=3C
	)6	ﬁﬃﬀ $	  	MC	1
ﬀ
ﬂﬃ<A
!
K	ﬁﬁ	ﬁ
	 
 =	ﬁ
	ﬁ()a ﬀﬁﬀ39ﬀﬀ' V:	Xﬂ53 ﬀ	>99^	ﬁ)
	ﬁ 
QV	X	ﬁ
ﬂ	ﬁ(*ﬀ1ﬂ]9 	X	ﬁ
ﬂ	ﬁ(*ﬀ1ﬂ]9
9AH8A
U
/
 "21$#&%('*),+.-)(/0
8/<39  A$ %$ A $	  	MC
	1 
=
ﬂ F ﬁ	CKﬂ
 %a)ﬁ) ﬂ >9 	Xﬂ53>9.  " 	  
	ﬁﬂ" F <3
	V 	Xﬀ3  
	<A F 343-
*ﬀ	5 ;	  F E   %$   =9 ﬀﬁﬀﬀMV
	Xﬂ53 ﬀ	>929^	ﬁ)
	ﬁ
DV 	X	ﬁ
ﬂ	ﬁ(*ﬀ1ﬂ]9	X	ﬁ
ﬂ	ﬁ(*ﬀ1ﬂ]9.9BAH8A
8/ )X	ﬀ	%9 F A  %$J( A4E` =	3(>	Q^3(>ﬂﬂ	ﬁ(2C(*1()>A I ﬃ(ﬁ#<A  ﬁ;9431()F&! 
%$J(A F <3
	ﬁ "	ﬁ	Xﬂ53`V! ﬂ 

	1	C

ﬁﬁ	ﬁ() ﬂ 343ﬁ	3
	39.	ﬀ@9 	+A   	%9-A LAﬁ9
,  =	ﬁ  9

%4%4% 	Xﬂ53 ﬀﬀ	 
NEa39  > ﬂ ()39 "&=9431()&"   $=A
8/&<
	d9 LA LAﬁ9 !  	d9)E A ﬂ Aﬁ9 ﬂ 
ﬃﬀ	39%4A LAﬁ9 	6ﬀ
ﬀ
39!-A  A  A  SV!MV:
	ﬁ	ﬁ(Vﬂ
'	ﬁ
ﬃ1 Cﬁ	ﬁ 
)A - <:	 :ﬂA :3 = ﬁ4+ 9 &  $ H $$$' $="(A
 &	%9`EFA  A$ %$ A ﬂ 'ﬃ !
[V0ﬃﬀ#-*ﬁ	9&<
	 	.31K	ﬁﬁ	ﬁ
	2V $	 -A I  	  	d9  Aﬁ9
,  =	ﬁ39 /

5  5<&50AC/

.AC/250<0A

/8= :A

>@ :Aﬂ 50< 54A0ﬁ 5 :A  50A 5 /8= ﬁ
7
> 	 :<.=8/

3 + 9ﬃ31()F(V'"! (=9 =
 	9:	 ﬂ A " 
(78#=Vﬂ"@A
 &	%9>EFA  A 	XﬂBK-

	%9 " A   A ﬂ 0:=
	Q0ﬃﬀ$	 BC	1  
ﬀ
ﬂ V!F'ﬀ1

	
ﬀ	ﬁﬂﬃ3A I  	6& ﬀ1 V
9  Aﬁ9 I 	 =9 LAﬁ9 %`	ﬁK-@9 ﬂ A %4Aﬁ9 -#ﬃ&3@9 " A ! Aﬁ9 ! 1>39 QAﬁ9
L
	ﬀ	C=9 " Aﬁ9-'ﬂ	ﬁﬃﬀ@9 F A.%4Aﬁ9 ,  =	ﬁ393 50A 54/8=ﬁ

A

- (:>D7/8=8:A

<.-  :3 7/

/8= :A  :A! 50< 50A0ﬁ.5

-
?

A <ﬂ9 31()  ! *&=9


C 9


	 =929
ﬂ
A
"

(78#=Vﬂ"@A

 	.ﬀ =	>9

Aﬃ A
7
  < :ﬂﬁ

5

5 >BA E;

>?7

/8= :A

5.+ +0-(+4/2103*5.+ =EAC/250<

ﬁ /8=  + 3 79>D/8=E36:

7	


<
+.=E3 7 >

/8= :A ﬁ :3:<4/2503*50AC/

> 5 +0=E/87DE 5A

ﬀ,+4 / '399/	ﬁ)
	ﬁ
,
 
	X(>

	 >9
	X
39

>A

ﬂ"@9 -Aﬁ9
"
1>9/EFAﬁ94 -+	ﬁ%:d9 -A  & A 9/ ﬂﬃ' 
,
Iﬂ-ﬁ
	
 
()   %$&34313A
.ﬁ4=;50A0ﬁ 50+ 54/I. 5#ﬁ

A =
b
7 5.+
-

7 ﬁ

/8=&5.+ 9ﬁ ( H ( &! ( "=A


() :9
ﬂ
A" "" A  5

<.A =EA 	I + +.7 5.+.4:< .AC/250>E>D= 	 54AC/ . 79/;:<0=EA 	IC-&+0/2543+9<ﬀ13	ﬁ


*). "6ﬃﬀ

V 

	9ﬂ V M	ﬁ 	ﬁ(>	ﬁ(0	ﬁ'ﬁﬁ	ﬁ()a	ﬁ

ﬃ
	1 
ﬀ
ﬂﬃ<9'31() <( Q%$ﬀA  3
	ﬁ()
 
`
C("_0 )

	-9

>Aﬁ9_0 )

	-9_

9 9 
ﬂ
A


39 LAﬁ9`ﬀ
ﬂ"@9)LAﬁ9

*)639 -Aﬁ9 ;	.ﬁC).
)9,	0A$ %$ A 	X>
ﬂﬃ H
ﬂ
ﬁ	WV
 
ﬁ	 	)U	ﬁﬂ" 
3- ()(>	3 ()' )6	ﬁﬃﬀI 	
	QK-ﬁ	>K	ﬁﬁ	ﬁ 
)A
I
 1 :<  =EA 	

:ﬂ/25.+6:ﬀ /

5 ;* 
7
 1 :<  +

: 
:A
7
A =B3

/25

.AC/254< 

ﬁ 5
7
	 50AC/E+
 
 =BA#	Q.

543 .AC/250>E>D= 	 54AC/!931()&  #&=91_+() 
=92L31@A

)5	>9 E A  A 	M3
	T  JV  
 
K	ﬁﬁQﬂﬃﬀ ﬃﬃ%
I 
A
I
 (ﬁ 1 :<  =BA#	
1 5 5   A

V
	ﬁ@9
F
A 	+A  8*
)9 EFA   A

ﬀ  V ﬀ	ﬁ
ﬃ1 ﬀ	ﬁﬂﬃ
V 
	ﬁ	ﬁ( ﬃﬀ ﬀ KK B31 =3- 	ﬁ(*ﬀ 3ﬂ]A
I
	B3-	ﬁK ﬃ
ﬀ
B3 H   ) ) )#A ﬀﬂ">AHﬀ %@AH %  )
  #ﬀ
ﬂ  
!
KK   '	ﬁ
Y%A ﬀ'
ﬂ$!
,
 
,
 ﬂ     A

 3%: 9
I
A  ! A E

>D=E/1E6 =B<4/87 50>B> 5 5 / 4:ﬂ<.3

/8= :A ﬁ :A0ﬁ 5  /8=8:A

A 50AD =E< :A A 503*50A /F =B<4/87 50> +
4E

	 :	=
b
7 5.+ A

ﬀ,+# * ﬀ39% # 6ﬂ	ﬁ/ *E 
	3A
"
<9E A
  ! A

ﬀ
ﬂ
()'/_0()M	
ﬂ
ﬁﬀ	ﬁﬃ 
ﬂ
_
ﬂ
 A 4
7
F. * 7 >E> 5 /8=BA190 ( H '! Qﬂ=A
"
 
39a_Aﬁ9
ﬂ
	ﬁ )X
ﬃﬀ@9 -Aﬁ9a  ﬀﬀ :9
I
A$ %$ A
F
%
I
%4%
"
H %:#3	ﬁ
	ﬁ( 
'ﬂBK	>
	Kd()X
3
=ﬁﬀ( 
7 7ﬃﬀ
	ﬁ(Dﬀ	ﬁﬂﬃ3AK.AC/254<.A

/8=8:A

>T* :ﬂ7 <0A

>!:#
7
<0/8= H+ﬁ4=

>ﬃ.AC/254>B>D= 	 50A0ﬁ 5 =EA
-

7 ﬁ

/8= :A192" ,
 
(@H  !$' *(=A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
/
 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
"  S391_BA E A  F 	ﬀ()ﬁ39 ! A   A,	  	 ﬂ H ﬂ ﬃﬀﬁ@V!/	ﬁ'ﬁﬁ	ﬁ()+ﬃ
	ﬁ(2 
ﬀ
ﬂﬃ<A I 
 @9:	0Aﬁ9 -*ﬃﬀ	39 -QAﬁ9- " !	.ﬁC=9 -QA

Aﬁ9 ,  =	ﬁ<9+.A /250>B>D=G	 50AC/. 79/;:<0=EA 	>C-&+0/2503 +9231()
! # =9 	X
ﬁ	ﬁ@A 3
	ﬁ()   `
C(A
" 
	%9 " A   A  & &
3
	ﬁ(PC
	1
=
ﬂ H

ﬃ Tﬀ	ﬁﬃ>A F 343-

ﬀ	5  =A $*>9 I 	G31

	ﬁﬂﬃ2 =	)%a

	3ﬃ

=V!
ﬂ"&	   E ﬁ	ﬁ	2 =	 " 	ﬁCA
" !	6ﬁ'ﬀ@9@ A Ea	ﬁ
39@ A- ( > A ﬂ (>	3639ﬃV/ﬃﬀ2	 3Q	ﬁﬂﬂ"	ﬁR
)

	ﬁﬀ	ﬁ 
)A+* 79>B> 54/8=EA :#
 
/

503

/8=ﬁ

> * = : 

-(+0= ﬁ4+ 9D H '! Q=A
" ﬁ7 :$ ! 1
39 I A ( A ,5 >BA =EAC/250AC/8= :A ﬃ >BA

/ /250A /8=8:ADCﬁ :AC/8<0= 07/8= :A ﬃ 79A 5

E03

<#ﬁ

5

5
ﬁ :ﬂA0ﬁ 5  /8= :A

A 54AD =E< :ACA 503*50AC/E+9 =B<4/87 54> + :79<

  < 50A

< 5A  ﬀ,+2 J ﬀ39 %`D_^
ﬂ"
	43 , 
	#  " 	ﬁ4 *E 
	391E 
	39  >A
"  ﬀ@9`EFA$ ( A  N
SV!
" ﬃ1	Y3A I  " 	ﬁ
	@9 EFA` I )C
)9 " Aﬁ9
,  =	ﬁ39@ :>E> : b 7 5 =BA /250<.A

/8=8:ﬂA

> +07 < > 5 /8<

A +  50<4/

5.+'ﬁ :ﬂA A

=B+ +

A0ﬁ 5.+*50A  :<03

/8=8:A =EA =8/8=

> 5 54/
ﬁ :ﬂAC/8=BAC7 599/	ﬁ)
	ﬁ ,ﬁ 
)
8
A
" 
)39 	+A  A  :A0ﬁ.5  /8= :A 54/+<,< :	ﬂ<

3 3

/8= :A :ﬂ<.=;50AC/1E 50+ :  ' 54/!A % 
'ﬁ39 3ﬂ	 + ,  =	ﬁ
	@A
	Xﬁ
	

ﬁﬀ(>	+K 
3A

 	._
H2
 
 ﬂ
 
 
 
$ﬀA
"
	ﬁﬁ39DLA
F
A) "" A

ﬀ*V ﬀ	ﬂ"
 
ﬂ530	ﬁ'
	\	ﬁN	ﬁ'ﬁﬁ	ﬁ()+ﬃ
	ﬁ(J 
ﬀ
ﬂﬃ<A
I
]EF@9
"
A$	0A6
F
	ﬁﬀ1 @9ﬀLA?LAﬁ9
,
 =	ﬁ<9( :ﬂ7 A
 
/8=8:ﬂA + :# .A /250>B>D=G	 50AC/ . 7/;:<.=EA 	
C-&+4/2503 + 931() <( ! Q'"=A0%a
ﬁK1ﬂ]9
!
	ﬁﬁ >9_ILA
"
	ﬁ	 
)9
"
A1 %$= A
ﬂ
Vﬂﬃ )M	NV!/<3
	ﬁ( 	' )6 =()>A
I
G	ﬁ
@9-EFA
!
Aﬁ9
,
 =	ﬁ39
.

5(< +0-ﬁ

:> :	- :ﬀ9 :3 7/250< " =B+.= :A19#31()(  %$$ﬀA
"
 -+)
 (!
	ﬁﬁ%91_0 )

	-A
"


)9

A4 & A  3-	C 3B3d>ﬃ'(>	  ﬃﬀﬃ<3
	 V)3d ()(>	3 	ﬀ*)
 
 =()>A
I
 .A /250<.A

/8=8:ﬂA

>?  :ﬂAﬂ 54< 50A.ﬁ 5 4:ﬂ<,/

5 !5

<0A =EA 	:ﬁ4= 54A0ﬁ 5.+ :=  @A 	ﬂ9 	6ﬀ1


ﬀ	ﬁﬁ>9

ﬂ
A
ﬂ ﬂ
	-%4A
"


)9

A  A
ﬂ
ﬃﬀ
	ﬁ(7	ﬁ'ﬁﬁ	ﬁ()ﬃ
	ﬁ(U
=
ﬂﬃ H
ﬂ
P1ﬂ
=
	#V6ﬃﬀﬃ
"VXﬃﬀ

3A .A /250<.A

/8=8:ﬂA

>+* :79<0A

>!:ﬀ
7
<4/8= H+ﬁ4=

>ﬃ.AC/250>E>?=G	 50A.ﬁ 5=BA
-

7 ﬁ

/8= :A19ﬂ H "! Qﬂ=A
_0 )Mﬁ%9
ﬂ
A   A 3 AC= H 5

/

5 :<0= 50+ :ﬀ ﬁ :	A =8/8=8:ﬂA1A
!

  9/	ﬁ)
	ﬁ
7Ea<9.	.ﬂK
	 =()>9
" ﬂ
9
9
ﬂ
A
_^(*
)
 
ﬂ1@9
ﬂ
A   A

Dﬂ
,
3	ﬂﬃ](>	ﬁ
	WVN :$&343'
	()>A  5; 7 5 ( <

A 

= + 5

5
<KE

	 :	ﬂ= 59  ﬂ H%$' #&%$ﬀA
_^	@94LA
  A3 +

0=B>D=8/8-
-
A 	=EA 5 54<.=EA 	>A
ﬂ
3 ﬂ	BEa

>9 	.>
@9
" ﬂ
A
_0
ﬂ"@9
I
A
ﬂ
A) " A  ﬁ)4	ﬃ6V4(>	ﬁ
	ﬁ)B	>A :	A =8/8=&5.ﬁ4=;50A0ﬁ 592(GH  *=A

(9 LA 
F
ﬂ"ﬁﬀ1 =@9 -A  A

ﬁﬁ	ﬁ()' ﬃ
	ﬁ(  
ﬀ
ﬂﬃ H

ﬀ
) ﬀ1   ﬃﬀ ﬀ )#A

A >D=BA 53

	

 4=EA 5  5

<0A =EA 	 =B<#ﬁ479=E/E+A
I
	3-	ﬁK ﬃ
ﬀ'
B3 H   ) ) )#A 3
	ﬁ()	ﬁ	ﬁ3AH
(   <V!K (A ﬀ
ﬂ !
,
 
,
 ﬂ     A
E 3-
39-A
 " ! AK*

=B>E>?=B+ + 503*50AC/

5>BA 5.+  <.=8/!A

Cﬂﬂ"
	@A
E 

	 	d92LA   A . <

=EA =EA 	 !< 5.+ 5

<ﬀﬁ


A

 <

ﬁ /8=ﬁ 5A
ﬂ
3 ﬂ	Ea<9

 @A
E ﬀ3d9

AE A  %$ A  :A

=8/8= :A A 5

 5 5
	 50+ A

:ﬀV! ;9/	ﬁ)
	ﬁ
NEa39_0 )

	dA
U
/ "21$#&%('*),+.-)(/0
EF 
'39 -A  A  ﬀ0'	ﬁ
ﬃ1 	ﬁ)
	ﬁ
-$H.V%ﬁ 
 H ﬂ D3)
ﬀ	 ) V  %3
	1 ()'3A
7
  >D= 5

7
<0/8= H+ﬁ4=

>ﬃ.AC/254>B>D= 	 50A0ﬁ 59 !$" ! H  Q=A
E 
ﬁ	ﬁ@9ﬀ8A -+ =Kd
(9 ﬂ A & A

ﬂ533 H'#
=
ﬂ V! 
	G3
	ﬁ(	ﬁ
	ﬁ)*M	ﬁ"ﬀ	ﬁ
ﬃ1
)M
 3A I  	 rd 
A A 7

> ﬁ :Aﬂ 50< 50A0ﬁ 5 :ﬂA  :3 7/250< 	<



=ﬁ0+

A

=EAC/250<

ﬁ /8=&5 /25#ﬁ

AC= b 7 5.+
   
7
<  A  	ﬂ931()(!  '&=9_^ )

	-9_

9 9 ﬂ A ﬂ 	 " E`3A
E 
 :9 E A1 & A - A + 50=G	A 50<C

	=E<

A + >A 7 < 	 50A0ﬁ.5C

E#ﬁ4=

50<
 
A + >BA =EA0ﬁ 50<4/8=E/87

5A%  A
Ea	C()39DLA  %$J( A

 <0= + 5

5 ﬁ :A + ﬁ = 50A.ﬁ 5A E9  9E 
	3A
E ﬂﬃ%9 LA> 	X , &	ﬁﬁ@9)E A0 ! A ﬂ K-aﬂﬃ.C
	ﬃﬀ	G3 K- )M 	ﬀ*)6 =()0 0:=3A
I  ﬂ 	'ﬂ"@9.QAﬁ9 	.5	39`E Aﬁ9  ﬀﬂ"@9 F Aﬁ9a

(9 F A ﬂ Aﬁ9 ,  =	ﬁ39

:

50>D=BA#	

A

3 +0=BA 	 :AC/25
	ﬂ/  .

=E<

.AC/250<0A

/8= :A

>

A

.AC/250<

= + ﬁ4=  >?=EA

<0-  :Aﬂ 50< 50A0ﬁ 5C :A /25
	ﬂ/  

9#31()
( &  ( &(9	.
ﬁ	ﬁ@A 3
	ﬁ()   `
C(A
E =3d3ﬀ		%9 I A " Aﬁ9 -+
>%9)LA EFAﬁ9	6ﬀ	ﬁﬁﬁ	39.EFAﬁ9  	3@9 LAﬁ9 ﬀ
K11
	%9  A I Aﬁ9  -(*@9
E A( A %` %3
	ﬁ)] =	


	ﬁK Rﬀ	ﬁ
ﬃ14ﬀ	ﬁﬂﬃQV!ﬁﬀ	ﬁ =@A * :79<0A

> :ﬀ5,@=B+0/

A0ﬁ.5
-

7 ﬁ

/8= :A/. 58ﬁ

A :> :	=;5.+9. ( H '"! (=A
E.
)9
I
A+ " A 'ﬂ5	#ﬂ
,
ﬃﬀﬀ B :$ 	ﬁ'ﬁﬁ	ﬁ()N

	1	ﬁ3dCDﬂﬃﬀ +ﬁ	
	P "%$
,
 +)>A
.ﬁ4=;50A0ﬁ 50+ 54/I. 5#ﬁ

A =
b
7 5.+
-

7 ﬁ

/8=&5.+ 9   H ﬂ! Q<(=A
'ﬂ
>9
F
A  A !5.+@+0-(+4/2103*5.+

79> /8=

7
	 50A /E+ :ﬂ7 <> 5.+
-
AD =E< :A A 503*50A /E+ " =E<0/87 50>?+

5 ( :<03


/8=8:ﬂA-?
7
  >D= ﬁ

/8=8:A ﬃ >

+ E#ﬁ 7 <0=E/1E$ﬁ4= =E> 5A

ﬀ,+X M ﬀ39 9/	ﬁ)
	ﬁ
,
  	M(>

	 >A
'ﬂ	ﬁﬁﬁ	C@9
"
A &" A ﬀﬂ"'
	]ﬂﬃﬂﬃ
)A
I

"
	ﬁ	 
)9
"
Aﬁ9
,
 =	ﬁ39? 503

A /8= ﬁ0.Aﬂ :<.3

/8= :A
< < :ﬂﬁ 5.+.+.=EA 	>9D31()(%$' %$ =9.	.ﬂBK
	 =()>9
"
3A
"


3<A
F

ﬂ-@9 L1A$ "& A .Aﬂ :<.3

/8= :A < < :!ﬁ 5.+ +0=BA#	

A

 793

A

A
  
ﬁ

=EA 50.AC/250<

ﬁ /8= :A 
7
A

  < :ﬂﬁ

/;:ﬁ :	ﬂA =E/8=&5654A 	=EA 5 50<0=BA#	>A4%aﬀ	 ﬀ	#E Kﬁ	ﬃﬀ391_0 )

	d9_

A
F
(>	C@9L1A Aﬁ9 	ﬀﬁK	ﬁ	)>9  A

Aﬁ9@
"
 	d9LA
"
A  A0	ﬁ
ﬃ1`3ﬁ	ﬁ
 H
ﬂ
I	ﬁ
ﬃ
	1
ﬂﬃ =	9ﬂ V!6'	ﬁ1@B31
	C@	=3A@* :79<0A

>!:ﬀ9 :ﬂ3 3 79A =ﬁ

/8= :A-?C9( H &! Q<( =A
F
	ﬁ(>	39aEFA, ( A < =E> :ﬂ/

	 5 <E

ﬁ /8= 

A 79A < :  :ﬂ/3 : 0=B> 5E /87

5

7 >D= 54A 50AC/8< 5 >

 50<ﬀﬁ.5  /8= :A 54/
>BA

ﬁ /8= :A1A

ﬀ,+# * '39



	ﬁﬃ^_0
	1 EFﬂ
ﬀﬁﬀ	5	B ﬁ-0K>A
F
	ﬀ1 :9 LA

A "& A

ﬀ]ﬂ"'
	JV
	 Ha	ﬁ93'
	ﬁ(P"UV 
	GV+ﬃﬀN	dA
F
343d
4 *ﬁﬀﬀ (=9

_
F

ﬂ
A
F
	ﬀ1 :9 LA

A  A !5.+

ﬁ /8= =8/1E.+ 3*50AC/

> 5.+ S :3 < 50A

< 5C+

= + :A A 54<
C@. < :7 50<

50+ +4:>D7/8=8:A + A
ﬂ

ﬂ"  	Xﬁ	ﬁ@9EF
	<A

 	X_ 
 

 
 '"%$
 
=A
F
	ﬀ1 :94LA

A: & A
ﬂ

'
	@91
	X()
	] .3A
I

"
ﬁﬁ	>9
I
A=`ﬂ
!
>9
ﬂ
Aﬁ9
,
 =	ﬁ39
7
/ /250AC/8= :A 54/ ﬁ :A /8< > 5'ﬁ :	ﬂA =E/8= !39E#ﬁ

A = +03*5C

E;50> :   503*50AC/

50+
 
0=E> 5 /1E.+
C


/

:ﬂ> :	ﬂ= 5.+9D31()I! Q'=AEKﬁ	3
	0 +%$ 	ﬁ)
	ﬁ
,
 
F
@A
F
	ﬀ1 :94LA

A  " A. 5.+ 

+ 5.+

5.+  :A0ﬁ /8= :A A 543654AC/E+ ﬁ :	A =8/8= .+ 9=ﬀ13	ﬁ
 	X4 I3
ﬀﬀ(>	
 H


	ﬁ(>	ﬁ/6K13A
I
' :9E 
	3A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
/

 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
F 	ﬁﬀ1 39 F A ﬂ A  	ﬀ<3431 :9-A I A & A ﬂ  3
	ﬁ(5	MC
	1.
=
ﬂ V  ﬀ    =	ﬁﬂﬃ
	1
	ﬀ13d  3
	ﬁﬂ	9&<
	@A I  `	ﬁ(>39 ! A " Aﬁ9.%`K-ﬁ	ﬁ(9ﬁ Aﬁ9 F ﬁﬀ'K-
(9

Aﬁ9d ﬀﬁﬀ)M V!%9 ! AdE Aﬁ9
,  =	ﬁ39*; th
.AC/250<0A

/8= :A

> :A! 50< 50A0ﬁ.5 :ﬂA'<

<

>E> 54>< < : 0> 503  :>  =EA 	.< :3 

/87 < 5  <4<   A 	ﬂ9
31() ﬂ! Qﬂ(=9   @92908A 3
	ﬁ()   `
C(A
F 	 	)%9!L1A  L)ﬀ@9H A  A  A ﬂ 	ﬁﬂ" ()' V!3ﬀ %=
	ﬁ	ﬁ(^	ﬁB'	ﬁ
ﬃ1ﬀ3ﬁ	ﬁ 
*H
EF<3
	@9 (>	ﬁ
	@9- Dﬂﬃ^'
%A
7
  >?=;5
57
<4/8= H+ﬁ =

>2.AC/254>B>D= 	 50A0ﬁ 59=A
F K-
39 -QA  A

 =  2C*7 A 5

<#ﬁ

=8/25#ﬁ /879< 5

5 +'E0> 5#ﬁ /8= :A

5 >BA

ﬁ /8= :A

:ﬂ/8=

/8= :A A 50>B> 5 54/
 = E0<

<#ﬁ

= b 7 5 ﬃ C-&+0/2143650+

5 >

+ + 507 <.+ :79<< 50<.+4:ACA

	 5.+  :A *9:7 547 <.+

 /

/8= .+ A  ﬀ,+
 * ﬀ39 

E &   ﬂ 	ﬁﬂ"  K@909/	ﬁ)
	ﬁ , Ea	
# " 
	 	6
	>A
F K-
39
-QA/ -	ﬁﬁ39 ﬂ A  A "#! 	 	 -9/Rﬂﬃﬀ %CU  ﬀ	ﬁﬀ	3QC
	1\ 
ﬀ
ﬂﬃ
ﬀ	ﬁﬃ/V! Kd3A I  " ﬀ =	%9%'Aﬁ9 -+(*ﬀ@9'_BAﬁ9'X_+ 	ﬀ	ﬁ@9 -Aﬁ9 ,  =	ﬁ<9	; th .A /250<.A  /8=8:ﬂA  >
 :A! 50< 50A0ﬁ.5@:A>.AC/254>B>D= 	 50AC/ 

3*5.+

A

C=E3 7 >

/8= :A 
7.
- A  ﬂ9%31()<(! Q<((9   @9
9^	ﬁ ]8+	ﬁ() ﬂ]A
F K-
39-QAﬁ9aEF

	39XE Aﬁ9` -	ﬁﬁ39 ﬂ A, A 	MC
	1J
ﬀﬂﬃ"]$&	ﬁﬂ"3$Mﬀ	ﬁﬃ
V!#
	 
	I	ﬁ "#"  F E -A I  "  %ﬀ	%9 'Aﬁ9-+(*ﬀ@9d_Aﬁ9d 	.>& &<=9 " Aﬁ9 ,  =	ﬁ39
 rd .AC/250<0A  /8= :A  >  :A! 50< 50A0ﬁ.5 :A6.A /250>B>D=G	 50AC/ﬂ  3*5.+  A  C=B3 79>  /8=8:A  7. -  A  ﬂ931()
ﬂ  Qﬂ=9

 @929^	ﬁ ]8+	ﬁ() ﬂ]A 	 -A
F
>>9

A
I
Aﬁ9
ﬂ

>9 %4A
ﬂ
Aﬁ9.EF
*)#9
I
A
"
Aﬁ9MNEF@94E A
F
A& 
ﬂ
ﬂBK	9ﬀ1	G31ﬀ1@94_BA  A

	ﬁ	ﬁ(2	ﬁ7'	ﬁ
ﬃ1 ﬀ	ﬁﬂﬃ H

V^ﬃ3)X 7 	ﬀ0 \5		ﬁﬃ3 	

	ﬁ	ﬁ(A
-
<:	 :A :3 =ﬁ0+ 94(  ( H ( (  0 >A
F
>KC
39 LA 8A QE 
ﬀ@9
I
A A  " A
ﬂ

 
(>	ﬁ Tﬁ
1
	ﬁ)D7ﬃﬀ2ﬃKﬃﬂ53
	
ﬀ	ﬁﬃV^ﬂﬃK	ﬁKd0'
%A
I
 /

5
- - -
.AC/250<0A

/8= :A

>@ :Aﬂ 50< 54A0ﬁ 56:ﬂA

5079<

>

54/ / :<  + 9)9ﬂﬃ =9431() !$' *(9ﬁﬀ	ﬁ(>@9
I
	0A

%%4%GE`3A
F
>9 A	+A  " A
"
ﬀ ^Vﬀ	ﬂ"Q3Kﬂ ﬁﬀ	ﬁ($H
I

	@9d =	C(>>
	+ Uﬂ53-
 

	]V4
=
ﬂ V%	ﬁ93A
7
7/;:3

/8= ﬁ

9  H& ! #&=A
F
ﬂK1(*ﬀ@92L1Aﬁ92LK@9

Aﬁ9 	.ﬀ'ﬀ@9 -QA   A.

5 3!A = H 5
 
:

54>?=EA 	

A 	7

	 5 5  50< 50A0ﬁ.5
 
A 7

> A
ﬂ
  =	
 
 
)91_0 )
 

	-A
F
ﬁ%9
I
A
"
Aﬁ9
"
@9

AQE Aﬁ9RL) @9
I
A-A; " A .AC/250>E>?=G	 50A /R. 7/;:<.=EA 	 C-&+4/2503 +?
!5.+ + :A + 5

<0A 5

9)ﬁﬀ13	ﬁ


ﬀ



ﬃ
	1
 2I

	ﬁ(>%a''	ﬁﬂﬃ'39%31()4! "=A

)6
%a
ﬁK1ﬂ]A
F

39'LA" & A%

A

 : :  :#F :3 7/

/8= :A

>
-
ﬁ :A :3 = ﬁ9 )9ﬂﬃ>9<ﬀ13	ﬁ
X_ﬂﬂﬃ
	3= !
'1ﬂ	
3(>ﬂﬂ	ﬁ(J	ﬁ7ﬂﬃﬂ	39D31()ﬀ& <( $ =A%aﬀ	39_0
ﬃﬀ
 (!
ﬁC :A
=ﬀ&)9 -A( A

58ﬁ

A =B+.3*5.+ 5<(:>D79/8= :A A =B+0/250+ :79< >

+.=E3 7 >

/8= :A ﬁ :3:<4/2503*50AC/

> 5

A

ﬁ /2547 <.+
 =E<4/87 50>?+ A

ﬀ,+# * ﬀ399^	ﬁ)
	ﬁ
,
  ﬀ	 ﬀ'	C



A
=&<=9	0A ! A
-
(:ﬂ>?7/8=8:ﬂA

A
-
AC/8=8/1E.+ " =B<4/87 50>B> 5.+  : : DE0<

/8= &50+ 

<C-&+0/2103*5

5 >

+ +0= H,507 <.+ A

ﬀ,+ * '3929^	ﬁ)
	ﬁ
,
E  =K1
	3A
ﬀﬀ	WZ-
	ﬁ@9
F
A
"
A  ﬀﬁﬀ	 39A A  %$$ A 	X
ﬁ   Tﬂ"
	9&3  ﬀ ﬂ"T	ﬁ=V!
ﬂ"
	
3ﬀ
	ﬁ( H43-<3ﬃ1F3
	ﬁ(9dﬂ"
	
 =	ﬁ(9: \ﬃ() ﬃﬀ
)A$< +.-ﬁ

:> :	=ﬁ

>
 5< = 5/`92"( H ﬂ%$' Q=A
U
/0. "21$#&%('*),+.-)(/0
ﬀﬁﬀ	K
(9-AF F >39@EFA  ! A '
(>ﬃﬀT  ﬂﬃ
 H ﬂ   	 P343)ﬁﬀ[\	ﬁ3
	ﬁ(
ﬃ
3A I  .

=B<

.A /250<.A

/8=8:ﬂA

> 1 :ﬂ<  +

:  :A
7 


A0ﬁ 5.+ =BA  5

<.A =EA 	 >

+ +.= H 50<8 -(+4/2503 +
 1  @A  ﬂ9#31() <( Q%$ﬀ9   @9908A  3
	ﬁ()   `
C(A
ﬀWVS9 LA  "" A
7
<4/8= H-ﬁ4=

>!=EAC/250>E>?=G	 50A.ﬁ 5 /;: :ﬂ> + =BA 5

7"ﬁ

/8=8:ﬂA19@ﬁﬀ13	ﬁ
 'ﬃ '*ﬂﬃ'  H) ﬀ1.
*ﬃﬀ
 )931()F$! #"=A4%aﬀ	 ﬀ	#EKﬁ	ﬁﬀ
	+A A
	ﬀ1)#92%/Aﬁ9DL)ﬀ@9 Aﬁ9= -*ﬃﬀ1@9 F A)  A`EF ()(>	3F()^Nﬃﬀ )MK@A I >.

=B<

7
A A 7

>  :A! 50< 50A0ﬁ.5 :A
7
79/;:ﬂA :36:7 +
7
	 54AC/E+ 
7
 - .T/A  ﬂ931() "! =9_0 )

	d9)_

9
9  ﬂ A ﬂ 	 " Ea3A
	ﬀ >9 ADL1A F 	ﬁ(>	C@92LAV A)  A F >*(  3ﬂ	^V 	ﬁﬁﬁ	ﬁ()'0ﬃ
	ﬁ(2
=
ﬂﬃ@H
	X>ﬂ aﬃﬀ
  I @ 

ﬁ 5 :  50<

/8= :A +

A

 50+ 5

<#ﬁ

  
7
 ﬂIC-3  :&+.=E7 39 ﬂ ﬁK5 5	>9
_^ ) " 0:=	A
'	ﬁﬂﬃ@9 ! A ﬂ AX ! 
)<9 LA F A$ %$=& A  :	A =8/8= :A

A

.A +4/8<.7 ﬁ /8= :A19Xﬁﬀ13	ﬁ
79^ 
 =	ﬁ(
	Xﬂ530:



ﬃ
	<9431()$%$* "=A  )6ﬃ%a
ﬁK1ﬂ ﬂ ﬀ	C39 ! 	ﬁﬁ >9_ﬀL1A
 	'	ﬁ39	0A  A) " A8.

5  5
 
 = :< :ﬀ:< 	

A =E3 + A ﬂ 343   	Xﬃ
   	MV 39d_0 )

	-A
 	'	ﬁ39	0A

A) " A

3ﬁﬀ	ﬁ(Jﬂ"ﬁﬀ	ﬁ3AK.ﬁ4=;50A0ﬁ 59 ﬂ" H &! *%$$ﬀA
 	'	ﬁ39	0A

A) %$J( A
7
 :7/  5
 
 = :<0= +03QA 8+=3=VS9_0 )

	dA
'ﬂ	ﬁﬃﬀ@9
F
A!%/Aﬁ9
I
	 	)>9 	+A
ﬂ
Aﬁ9
F
ﬀ	ﬁﬀ1 =@9 	+Aﬁ9 %a
 (
ﬁCﬀ@9
ﬂ
Aﬁ9 
"
ﬀ=9
F
A<8A   A

ﬀ (*ﬀ'
	ﬁ V 

	  H
ﬂ
32V^ =	WZ:

	 ())ﬃ Pﬁﬀ	5	3A
I
> 5#ﬁ :A

.AC/250<0A

/8= :A

>
1 :ﬂ<  +

:  :A  5

<.A =EA 	 >

+ +0= H 54<FC-&+0/2503 + 1  @A &<ﬂ9 31()$"! "=A
'ﬂ	ﬁﬃﬀ@9 -A

A- " A
7
 5

<.AC=BA 	  -(+4/2503 *

+ 5

:A  50A 54/8=ﬁ
7  
 /8=&5
7
> 	 :<.=8/

3 + A

ﬀ,+" 
 '399/	ﬁ)
	ﬁ
NV Ea	ﬁ
K
(*ﬀ@A
ﬀ*).=9 LA

A+ "( A/ :ﬂA0ﬁ 5  /87

>  /8<07"ﬁ /879< 5.+ .A!4:<03

/8= :A7<,< :ﬂﬁ.5.+ +0=BA 	 =BA

=EA
 
A
  
ﬁ

=EA 5A
ﬂ
  =	
 
 

)9 	X>@9
" ﬂ
9"9 
ﬂ
A
' 1 :9LAﬁ92	.
39	+Aﬁ9= -+ 
	ﬁ@9

A'E A) %$=& A  ﬂ534 ='	  H 
X	ﬁﬂ53ﬂﬃ
	
V 3(>ﬂ ﬃﬀ1Mﬃ (>	3: 3K1K	ﬁﬁ	
	/3	ﬁ(	ﬀ	ﬁﬁ3A
F
343-
Mﬁﬀ	5	
ﬂ

"  
" >9
"
ﬁﬀ	




	ﬁﬃ#V

ﬀ( 
)9
ﬂ


	1	C

ﬁﬁ	ﬁ()

K-
)A
'	ﬁK@9
I
Aﬁ9
I

I
ﬁ9

Aﬁ9'
"
ﬁX :$
!
1
39
I
A A
ﬂ
343 =^4()4 %J ()0) 	X
 
 3) H %$H0:3
,

	ﬁﬂﬃ'
	  #%$
ﬂ
V31=A
I
 



> " =E<0/87

> C( =E< +4/S.A /250<.A

/8=8:ﬂA

>ﬂ" 

!5

<0A =BA#	
 503 =EA

<Cﬁ =B<4/87

> < 5

>?=8/8- =BAC/254<.A

/8=8:A

>)ﬁ :Aﬂ 50< 50A0ﬁ 50"ﬃK=A *$;ﬂA
')39
ﬂ
Aﬁ9 	Xﬁﬁ	ﬁ39
ﬂ
Aﬁ9  -+ﬀ =	ﬁ@9 -A0%4A  " A
"
	<3
	+	ﬁU
ﬃ <$   =	ﬁ(A
I
 'ﬂ"@9
I
A
!
A1 	M )6@9 LA-Aﬁ9
,
 =	ﬁ39+.AC/250>E>?=G	 50AC/. 79/;:ﬂ<.=EA 	>C-&+0/2543+9431() ! ( =9

 @A
ﬂ
3 ﬂ	BEa3A
'9&ﬂ"@9* A. " A
ﬂ
'
		G31
JC	1X
=
ﬂﬃ3A
I
5.

=E<
 7
ACA 7

>  50A 5 /8= ﬁ,<,< :	ﬂ<

3

3 =BA 	Q :Aﬂ 50< 50A0ﬁ 59D31()&"! #&&(A
"

(78#=Vﬂ"@A
	
@9
F
A -A "( AP. 543  :<

>< 5

=8/
7
+ +0= 	A 503*50AC/ =EA  50=EAﬂ :<ﬀﬁ.503*50AC/ 5

<0A =EA 	>A

ﬀ,+N 
 '399/	ﬁ)
	ﬁ
NV
"
ﬀ 
3A
	
@9
F
A -A  "" A

3
	ﬁ(N3 =	*K&
\ﬃﬀﬂﬃﬃﬀ' *VXﬂ53-a =	WZ:3A
 
ﬁ

=EA 5
 5

<.A =EA 	>9Q H ! ((A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
/e
 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
	
@9 F A -A  ! A F 	ﬁ=Vﬂﬃ'3
	ﬁ(Uﬀ	ﬁﬃ#V!B	ﬁﬂ"3A I  " 
)39L1A   ﬂ A
 G	ﬁ@9  A -Aﬁ9 ,  =	ﬁ39 ( < :3
7
A =E3

> +/;:
7
A =B3

/E+ ( =B<.+0/ .AC/254<.A

/8=8:A

>) :A! 50< 50A0ﬁ.56:A
C=E3 7 >

/8= :A :#
7 
 /8= &5 * 5
 
 =8:ﬂ<> 
7
*A 

ﬂ931(),""! &=A
	
@9 F A -A  A F 	ﬁ=V!ﬂﬃ 3
	ﬁ( ﬁﬀ	ﬁﬃ V! 	ﬁﬂ"3A I  " 
)39
LAﬁ9 F 	ﬁ
KC39 ! Aﬁ9^  	ﬁ@9  A -Aﬁ9 ,  =	ﬁ39 ( < :3
7
A =E3

>?+ /;:
7
A =E3

/E+ =? .

5 + 5#ﬁ :ﬂA

.AC/254<.A

/8=8:A

>  :Aﬂ 50< 50A0ﬁ 5 :A C=E3 79>

/8=8:ﬂA :ﬀ
7 
 /8=&5 * 5
 
 = :<A "

 E`3A
 
	 ﬂ"=98Aﬁ9  9  Aﬁ9 	ﬀ	ﬁﬂﬃﬀ1=9Q8A ! A  3
	ﬁ( C
	1R
=
ﬂﬃ ﬂﬃ
ﬂ-ﬁ
	C()Dﬀ	ﬁﬂﬃ3A I  .

=E<

.AC/250<0A

/8= :A

> 1 :<  +

:  :A
7 


A0ﬁ 50+G=BA  5

<0A =EA 	
>

+ +0= H,50<FC-&+0/2503 +5 1   A ﬂ931() !  ﬂ=A 3
	ﬁ()   `
C(A
 
	 ﬂ"=9=8Aﬁ9  9  Aﬁ9!	ﬀ	ﬁﬂﬃﬀ1=9=8Aﬁ9 ! 
	%9'8Aﬁ9'._+
	ﬃ 	>=9 -A:  A 	.2ﬂ!ﬁ
	C()'
3
I	ﬁ 
(	9&<
	 D1ﬂ
 &	ﬁ(]
(	9&<
	1   3
	ﬁ(I
	  C	1#
ﬀﬂﬃ3A I 
7
	 50AC/E+ !5

<0A =BA#	

 :7/C.< :3

A

/ =E/

:ﬂ/

50<
7
	 50A /E+ A
  =	WVS9DL1A
  A 5/8<

A +  50<4/

5.+

  < 50AC/8=B+ +

	 5.+A %` =	ﬁ
	  (>	5	3A
 ﬁﬀ	 	ﬀ	ﬁ>9'EFAﬁ9	6
	)39 " Aﬁ9 	6Cﬁﬀ Za9ﬀ_BAﬁ9 	6@9 " Aﬁ9 I 
= 	)>9 ﬂ Aﬁ9-.	ﬁ@9 " Aﬁ9)_/	3 :9 LA  Aﬁ9
F
K1 %9>E A2( A EaC
 
 H>5 5	a =	ﬁﬂﬃ
	S3d %$&1ﬂ
ﬀ6  
>%:Q Xﬁﬀﬀ
L<3
	  :$ %

ﬂ !
A
F
343-
Jﬁﬀ	5	>9
F
343-
" 7%$&
	GB3
,
	15	 *\V! ﬂﬃ
ﬃﬀ
,

	5	*ﬂ
,
ﬃﬀﬀ (>	5 B *CQ<3
	\ :$ %

ﬂ !
,D 
,
31
ﬂﬃ' 


	  % 	X_
F
-A

ﬀ	ﬁK1ﬁ39 -QA  A %
I 
H    :$H0:#3
,

	  TV!
ﬂ"
	 3)LC 
,
ﬁ	ﬁ
,
'	ﬁ
ﬃﬁ>A
	Xﬂﬂ-	3
	/3
,
'
,
Nﬃ DCU
	 *
F^,
ﬁ	ﬁ
,
'	ﬁ
ﬃﬁNQV!
ﬂ"
	 H 9/N

343ﬀﬁﬀB %N
,
 ,>A8" =B<4/87

> < 5

>?=8/8- =BAC/254<.A

/8=8:A

>)ﬁ :Aﬂ 50< 50A0ﬁ 50"ﬃK=A  ﬂA

ﬀ
 =	 	)>90%4A

A
  A .

5( 7 A

3*50AC/

>?+:ﬀ  5

<.AC=BA 	)A

3ﬀ 	Xﬁ()>A

	ﬁ'K-
()@9 _BA)  ! A A E /87

5

5>A =EA +4/8=BA0ﬁ /!AFE 
)3A

	3@9JLA" ! A
F/,
ﬁ	ﬁ
,
'	ﬁ
ﬃﬁ
 
ﬂ	.	ﬁBﬀ	ﬁ
ﬃA
!
K	ﬁﬁ	ﬁ
	ﬀ/ =	ﬁ
	ﬁ() Fﬁﬀﬀ39
9^	ﬁ)
	ﬁ
,
 
F


A

	3@9LA@
!

39

A A !5*/8<

=8/1E

5*>

<E

>D=E/1E> =E<4/87 50>E> 59 ﬀ13	ﬁ

ﬂ
ﬂ	" 
'
	ﬁ
,
4ﬀ	ﬁ
ﬃﬁ3A

^Ea4 +%$ %  
"
	ﬁ39E 
	391 %:=	 +ﬂﬃ
,
 =	ﬁ
	@A

ﬁﬂ"@9 %4A 
!
&	 	-9 	0A   A

	ﬁ(*ﬀQ	ﬁR3A 3 A =&50<.+.=8/8- :# 

>D= 4:<0A =

< 7 4>?=ﬁ

/8= :A + =BA
< +0-ﬁ

:> :	->9D(GH  '! =A

ﬂﬁ	ﬁ@9
ﬂ
A` 	ﬁ%9

A( > A
ﬂ
	XB3d $	 -A
I
 < < :ﬂﬁ 5 5

=BA 	+ :ﬀ>.A /250<.A

/8=8:ﬂA

>
1 :<  +

:  :ﬂA !5

<0A =BA#	Q>

+.+.= H 50<FC-&+0/2543+9#31()$"! *=A

ﬂﬁ	ﬁ@9
ﬂ
A:ﬁ	ﬁ%9

A K0 A
ﬂ
&3ﬃﬀ )MB3dﬃC
	1B
ﬀﬂ]A
I
5 5#ﬁ :A

.AC/254<.A

/8=8:A

> 1 :ﬂ<  +

:  :A  5

<.A =EA 	 >

+ +0= H 54<ﬀ -(+4/2503 + 1 K ?A  ﬂ9#31() &! * =A

ﬁ'	ﬁ(9%/A  %$=& A  5#ﬁ

>E>

A

 5#ﬁ :	ﬂA =E/8= :A19Jﬁﬀ13	ﬁ
 % <3ﬀ
	 3ﬀR	ﬁ 3ﬁ7 
(>	ﬁ
	@9231()%$' $=A; 	ﬁ
)A


39
F
A
"
A   A 	X0:=
 

	ﬁ
	ﬁ)D3	ﬁ( V!ﬂﬃ"()ﬃ Rﬀ=3-
	ﬁ)
 =	


	ﬁK 3Kﬂ ﬁﬀ	ﬁ(A


'
ﬁ%9

A   A  :3 79/

/8=8:A

>

58ﬁ
 
A =B+.3 +ﬃ4:<
7
ﬁ /8=8:A  50> 5#ﬁ /8= :A1A

ﬀ,+I   '39
9^	ﬁ)
	ﬁ 
NV %` =	ﬁK
(*ﬀ@9 	X
*V(	X(>	ﬁ
	ﬁ) ﬀ	>A
U
/0/ "21$#&%('*),+.-)(/0
 ] *EF>9 " A!QA=  	9ﬂﬃ>9 %/A)  Aﬀ   ﬃ1/ )M	=3A I F  
7
< A  
 :3 7/250< ,<



=ﬁ0+ 931() ! *(=9 ﬂ 1ﬀ	ﬁﬂ]90	 ﬂ A
   ﬀ@9-8A  "" A 'ﬃ *ﬂﬃﬀ ﬁ	ﬁ(A I 0EF@9 " A:	0A  F 	ﬀ1 @9 LA LAﬁ9 ,  =	ﬁ39
( :79A

/8=8:A +@:#ﬀ.AC/250>E>?=G	 50AC/F. 7/;:<0=BA#	 -(+4/2503 + 9#31()ﬀ! $="=A%a
ﬁK1ﬂ]9 ! 	ﬁﬁ >9_ILA
   ﬀ@98A 	X*)6@9L1A(-A  " AEaC	ﬁ( H>^<3'
	V V!
ﬂ"ﬁ	9&	ﬁ(1(>	
 ]ﬂ"'
	*ﬂﬃ' ^V 3ﬀ % 	ﬀ	ﬁﬁ3A
7
 /8=E/87

5C. 5

<0A =EA 	

A

.A +0/8<07 ﬁ /8=8:ﬂA19  H ! Q"=A
  "  	)>9+8A' " A -  % H ﬂ  <3	ﬂﬃ(>	3343)ﬀ L	ﬁ

ﬃ
	1Qﬂﬃﬀ ﬁ	ﬁ(A
.A +0/8<07 ﬁ /8=8:ﬂA

> .ﬁ4=;50A0ﬁ.590& H <( $' Q >A
`
(>1 :9-A   A I >
	ﬂ53 ,  H*	ﬁ
ﬀ %
	@A < 50<  :<.3

A.ﬁ 5.+  793

=EA 5.+ 54/
. 58ﬁ

A = b 7 5.+?C9D31()ﬀ$' Qﬂ=A
.
'() 	'	%9  A  " A+< 50A +'E 5 54/ >

A 	

	 5A4%` =	ﬁ
	ﬀ'	C3A
ﬁ%9 ﬂ Aﬂ%4A "& A ﬂ 	' )6 =()   K1 Q343)ﬁﬀQ6ﬂﬃ 	'	ﬁﬁﬀ5 	
	ﬁ
	@A

:ﬂ/;:<

5;&50> :  3*50A /
=BA7ﬁ

=E>

< 54A 

+  5#ﬁ /,:# ﬁ : :<

=EA

/8= :A

A

ﬁ :AC/8< :>W9D31()! #=A
 KK-39	0A  A

:

E0>D= +

/8= :A =BA!4:<03

/8=
b
7 5

5 >A

  < 54A

AC/ ? 3 A 5

  < :ﬂﬁ

5 

+'E 5 +.79<$> 5
36:

10> 5;ﬁ
&
ﬁ
 	

E


A E

 	

ﬁ

A

ﬀ,+" 2 '39 9/	ﬁ)	ﬁ
,
L)><3ﬀ


	
 
-0K

9-0K>9

>A
 KK-39 	0A0\EF
 
)9 -A' A %aﬂﬃ
()R   =	C(>>

	 317V!
ﬂ"
	  )ﬁ	ﬁ
	
 
ﬂ
343ﬁ	3
	L[ =	C(>>

	N Q<3
	ﬃ :$ L3431'3A*
"
ﬁ39 L1AF
"
ﬃﬀ	@9
E Aﬁ9
,
 =	ﬁ39
7
ﬁ
ﬀ
*ﬁ
ﬃﬂ

E

( 
ﬃ
ﬁ!
 



"
#
ﬃﬂ

A 
$%
G	

ﬁ

7


 H+ﬁ
&'
,(
)
+*ﬂDE
)

-,
.



ﬂ
/


7
	
-&
 *(ﬁ
7
,
07
A  ﬂ931()( ! #%$ﬀA
!

ﬂﬃ<A
 KK-39	0Aﬁ9E 

)9-Aﬁ9 '	6Cﬁﬀ Za9_A A
ﬂ
ﬂ-ﬁ
	
 
()  ﬂﬃ
() 343)ﬁﬀQ^3

ﬂﬃ' ﬁﬁ	ﬁ(A0*  
!

ﬂﬃ@9

Aﬁ9
,
 =	ﬁ39
-
ﬂ1
2
ﬃ
3






ﬁ




7


 H+ﬁ
ﬃ

-&
G	

ﬁ

9
31()"! Qﬂ=A


2Ea<A
 ()39%4A( "%$ A
7


 H+ﬁ)
ﬃ

-&
G	

ﬁ
	ﬃ$
.4ﬂ


ﬃ

	 -,
)


A
"

(L8#=Vﬂ"@9

>
ﬂ
ﬁ><9	.ﬁ	WV
	C=A
G	ﬁ@9EFA_A  > A
ﬂ

	ﬁ) 0:#3
	 V7 ﬀ	ﬁ
ﬃ1Jﬀ	ﬁﬂﬃ[ ﬀ 3ﬂﬃ

	
	LQﬂﬃﬂﬃ
PV' TK S<A
-

5%



-($
*



67
ﬃ9   &98 $=! 
$=&=A
G	ﬁ@9-A A "%$ A
!
	ﬁﬀ	32 =	ﬁPﬁﬀ3
	 	ﬁ  C
	1P
ﬀﬂ]A:*


th

-

$
7

$ﬃ
*ﬁ
ﬃ
-
3






ﬁ




7


 H+ﬁ)
ﬃ

-&
 	
)
ﬁ

:;*ﬃ
7
4A 2, Bﬂ9 31()  !$' =9
"
	ﬁC@9

ﬂ
)A
G	ﬁ@9  A-A, ( A  	 8
ﬂ
&3ﬃﬀL)/C
	1" 
ﬀ
ﬂ]A
-
;


ﬂ

7

$
, 3
ﬃ2$ﬂ
+
7


9
  !<8  Q'"=A
G	ﬁ@9A A -A   A 	MC
	1

	ﬁ
 	6  
ﬂ

-A
-
;


ﬂ

=

"
, 3
ﬃ2$ﬂ
+
7


9
 <8 <( ! Q!$==A
G	ﬁ@92 A -A & A% :#3  0:3	ﬁ 

(>	 	ﬁQﬂ
dAﬁ* (0
ﬃ
7

%
ﬃ>?


7

&
&
; 



(@
ﬃﬂ



$

"
=

$ﬃ
3






ﬁ




-&Aﬂ

7



ﬀ
7
B
2



*



5=
ﬃ  
7
*A 	;ﬂ9
31()! *=A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
/Y
 1 1%(0

)(0 

'

' 

%

/'

-0ﬁ
 	ﬁ@9  A -A'> A -* /3 $	  )6	ﬁﬃﬀ 
	ﬁ	   >9  	ﬁ433A * 





	

  
 H

F-,



C ( 1
 ( 
ﬂ
$
=

4<


7
2B2

 ﬁ
B
=

 
931()$! =A
 	ﬁ@9@ A -A K0 A 'NV $	  C	1ﬃ
ﬀﬂ 3ﬁﬀ@A + 





	 
 
 H


-,
)


C (0
ﬃ (@
ﬃﬂ
$B
7

4(


7
2B2

 ﬁ

7

4
9D31()&! #"=9   @99^8A 3
	ﬁ()   `
C(A
 	ﬁ@9  A   A ﬂ <3ﬃ1@K1
	.V!6 %3
	1F343ﬁ	3
	^VFﬀ	ﬁ
ﬃ1:3ﬁ	ﬁ 
)A 0343-

ﬀ	5     =9ﬃﬀ	ﬁ(>  ﬁﬀ( 
 	X'399^	ﬁ)
	ﬁ 
NV ﬃﬀ	ﬁ(>@A
 	ﬁ@9 A
 A  ﬀ1/37ﬃ ^3
]	ﬁ\

	1	C ﬀ	ﬁﬂﬃ0ﬃﬀ14ﬃﬀ
N3/3

	ﬁﬃC   *(?&
)

-

$
7

$
-,ﬃ 24


&ﬂﬁ  2
)
-

ﬂ"ﬁ

=


9 ﬂ 1 9 9/')
	ﬁ 
)9  	)
)A
 	ﬁ
ﬂﬃ39'	0A -QAﬁ9 	6	ﬁ
)9 L1A ! Aﬁ9 8+
39 	+A Aﬁ9FQEF<9a8A 	0A  & A ^	ﬁ
ﬃ16B31 
3 )X
 03C(8ﬀ
SV6VF 	' )6 =()>A 
-

$
7

$ﬃ
*ﬁ
ﬂﬁ
$ﬃ

ﬀ8 ﬂﬁ
ﬃ
3
ﬃ2$ﬂ




ﬂ



?C9(  <8 (V! ("=A
 ﬀWVS9 	+A@EFA+  A 		ﬁ =	ﬁ( 	ﬀ*)6 =()JK1 Iﬃ3A9*  ﬂﬃ 	-9

Aﬁ9 ,  =	ﬁ39F3
ﬃ2$ﬂ


7
 

!






	 



;
th

-

$B
=

"ﬃ
3





)
ﬁ

=?
7
 A * ﬂ9ﬃ31() ( &! #&=Aﬁ 3
	ﬁ()39
	.
ﬁ	ﬁ@9 ! 	 ﬁK-
(A
dﬂ531=9 QAﬃ A 


ﬃﬂ


  ﬃ4
A
)4
G	
"

)-
 ﬁ!


ﬁ

2

7

  
	24E%
$+
=

 
A ﬂ

2$





,2

2#
ﬃﬂ

A

ﬁ
b
ﬂ



7


2



	2#




7

4
ﬃ
ﬁ 
	

A

ﬀ,+\   ﬀ39-9^	ﬁ)
	ﬁ
,
 ﬁ-0K
8
A.ﬀ	^ +%$
,
 %3
	@A
-ﬁ39 QA)  A
ﬂ
ﬂ
)91	ﬁ
	I 63>A+< 
6
ﬁ

9 !<8 ﬂ%$' Q=A
-C=9 A.  A  A E;

ﬂ

7

 
ﬃ



ﬂ
/


ﬂ




)
ﬂ
<Bﬃ '
.4





3
6
2DE
B
 A

ﬀ,+
 * ﬀ399^	ﬁ)
	ﬁ
,
 

 >A
U
Y f "21$#&%('*),+.-)(/0
     
   	


 	 	

$&343'
	()G

	1	  ﬂ"
	5	!U
 CG
	 5 	Q(>K-R ﬂ
,
ﬃﬀﬀ 
3-
ﬂﬃ
'] \
ﬃ	ﬁ  ﬂﬃﬀ +U UC
,
ﬁ	ﬁ
,
 31

	ﬁN U 
,
39.	ﬁ2 ﬂ
,
ﬁ	'
Rﬂﬃ' +031

	4[ﬂﬃ	ﬁ(
,

,
%9a	ﬁQT
,
'"ﬂ53 +ﬂﬃJ2ﬂﬃ' +>A	X
]0:
3$ 	ﬁ
,
 RCT
	  :$&343'
	()[

	1	%9K3
,
	CT =	

	ﬁ
	 
 343
	Y()
 ﬂ
,

	5	/343'
	() 
'ﬂBK-ﬁ	5	>94 
,

	ﬁ44 =	WZ
,
ﬀ31 =	ﬁ(>ﬂﬃ3A
ﬀﬂﬁﬃ  "!$#
&% 
' )(
!#+*-,.,0/21&3540/2176
8
343 =>9">$H
Tﬀﬁﬀ	 5	
,

	ﬁ  ﬂBK   1	O31  
>	ﬁ
	ﬁﬁﬃ   31]0:#3
,

	>A 	X	 5	 C 39431
7 63d]	ﬁ] :$&  ﬃ]
<339 	ﬁX0:ﬀ	539
	Qﬂﬂ!1
,
5		MKd Q3K +ﬂﬃ2 ﬃ%$&343'
	()D
 =	WZ
,
'X(>.X5 	,
	ﬁﬁ	.  
ﬂﬃ. =	WZ
,
3A%a2 Z:39)Cﬂﬂ!1
,
ﬂ"ﬃﬀ
,
ﬂ"
	5	

	 +0I3K +ﬂﬃ* ^%$&343'
	()#ﬂﬂﬃ.03K +ﬂﬃ* :$'
2

%A
)
7


9$!?

AﬀCﬁﬀﬁﬀ
 :$ 
,
ﬃ
	 
,

,
ﬂﬂﬃN039V!3)K63-"
	ﬁ = [Kﬃ 
,

ﬂ	ﬁ
,
A?Q$ L

 
,
9FC7ﬂﬂ-1
,

8
31
D :$
B
2
+
7


R :$ E;;


ﬂ

=


9 !?

A 931()31)2
,

	D 

SV!
ﬂ"
	+ U  3(>3A$*^/03391ﬂ-9ﬂﬃB
	 /
ﬂﬃ+ =	WZ
,
39 %$HK S
	WV

+%$

9E

=


7


 %]
=
ﬁ+ﬂﬃ>A

$&343'
	()
4 
,
	 ﬂﬂﬃ *QCQ

ﬃ
	\ *)ﬁ^1	^]%$&ﬂ
,( 
ﬁ	
	U 1	+ 
,
  ﬃ0:=	
 , 8/ﬀ =ZI
"
	ﬀ1	'	 9  A-Eﬀ	ﬁﬁ	G343-,	.3
 3
,
3ﬂﬃ' +X(
,

,
 M%$&343
	Y()/ﬂ"
	5  #ﬁ A (*
8
A ! A -0K1ﬂﬃ'39
%$H	ﬁ(>1U%$H''	ﬁﬂﬃ' (>	ﬁ*ﬃ+Qﬂﬃﬀ %Q :$&343
	()" Q%$
,
 +)>A
	XCN93d
 ZdB ﬃﬃﬁBB ﬂﬃ' =	1BCDK1ﬃ J1	 3-B

	ﬁ) ﬃ0:
,

	@A
9^
/
/
 %7 
#0:
,

	3-/Y)	ﬁ/
	:+
,
ﬁﬁ/
6K	79	 ﬂ53
,
A


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
U
Y
U
 
0&0     
 
%(0

' ﬂ
 
0

% ''*)('*0

Environnement
ou enseignant
Module
d’apprentissage
d’exécution
Module
Base de
connaissances
Feedback
À
Á
Â
Ã
Ä
Å
		
ﬁﬀﬃﬂ !"$#ﬃ%&#!')("+*,-/. %&0ﬁﬀ! "$#!'1!ﬃ%&234%5,#!(367%&#!'18$5ﬁ9
ﬀ ﬁ;: ﬀ ,5,0/ 1&3=<>
% %
*@? 1 3 !BA C/D>
(
!01FE !
%G
A HIEKJ>
(
!016

#0:=	
I %:   3
	ﬁ	G317 343
	()>9^ﬁI	ﬃ  I%$

8
5 1ﬁ	 ,   

ﬀﬂKdﬁ	5	>9/ﬁ*	ﬃ* /

	

	5	45 1ﬁ	 ,  * ﬂ , 
	5	>A
LNM 7
2B2$
-

 
	
 
ﬂ9E
b
ﬂ



$&343
	Y()Q ﬂ
,

	5	Bﬂﬃ+PO.' ^ 
,
+5	1
	ﬁ
	ﬁ)39:ﬀ3-*	ﬁ
	 3-RQ
ﬂﬃ

\ 7
,
 =\ >3K +ﬂﬃD ﬂ
,

	5	Dﬂ530:=<A

Jﬂ
,
ﬃﬀﬀ 2 :$&343'
	RQ
()+ ﬂ
,

	5	
	 
,
Kﬁ	ﬁ/ 6C
	^ ﬂ
,

	5	/
4

,
' 
,

 B0:ﬂ53\343 =!B

	ﬂ53d
ﬂﬃﬃK

,
 0:=ﬂ53  A +%:
0:=ﬂ5305 	 
	ﬁﬁ	+ ^
	CK^	ﬁ
ﬂ
,
 =	C	ﬁ# '^/ﬀ3d)TS,ﬃ*
6 ^%$&343'
	()>96%$&343
	()# @3d	 X 60:=	?3d..
,
3%:
 +3914 ?3K1K	ﬁﬁ	ﬁ
,
0 =	ﬁ
	ﬁﬀ3-44
,
3%:2K1 

,

	3A
UVM 7
2B2$
-

 
	
(
,ﬃﬀ*



b
ﬂ


+ I343
	Y()>9+CTﬂ"	 +R P<3
,
I  
,
I5		3$ 	ﬁ'ﬁ+(>  
[

ﬃﬃ 39I ﬂﬃ	ﬁ ﬂ530:>9#)T I'
	ﬁ
,
  
,
	 ﬂBK39*ﬁ	
39
K S39 WQ 4339
)
ﬁA  9.
93
	ﬁﬂﬃ =	C>A
8

	%9 ﬁﬀ15	\
 3d7 :$H'
	ﬁ
,

D'	
,
 
C
	X :$&3431
1*X /ﬁ	XB3
,
	15 <A

$&343'
	()+
ﬀﬂKdﬁ	5 
,
CKd^ 
ﬂ
,
ﬃﬀ'  3-
ﬂﬃ
'a :$H0:ﬀ
	ﬁX  1	YF
ﬃﬃﬁF 
,
	
	ﬁ ?31

	ﬁ
 :$ 7ﬂKB :$ 	ﬁ
K3d7

ﬃﬃ
,
<A29/]0:ﬂ53 :$&343'
	()B
'ﬂBK-ﬁ	5	#

ﬂﬃ

,
31F 
Ka X 
,
	
	@A

 3d
ﬂﬃ
` XCa  K 
  
` a


	ﬁK
 +1ﬃ =	ﬁ+>A
ﬀ ﬁX Y* / * 4Z>3?A 1
%
4#+*-,5,0/ 1&3=<>
% %
*@? 1 * /D<>&[
'
> 1\J
%`"343
	()4

	1	%9X	6 X%$H	ﬁ(>1', Mﬂ"3]
!F 3
	ﬁﬂﬃ =	C%A

	 (> 
3
,
()
	# :$&343ﬀﬁﬀ3-)' 9
 =	

	ﬁ(*
,
# +Q ﬂ"	ﬁﬃ %$&343
	()"

	1	
N# 
#3-* :$ 	ﬁ=V!
ﬂ"
	^ =	3-	ﬁK(8
.
%$&343'
	()BWQ ﬃ43d
'	
,
A
.
%$&343'
	()ﬃ43d
'	
,
#ﬁ A (*
8
A  A
.
%$&343'
	()B=V
,
#ﬁ  A (*
8
A_^ A
U
Y
 "a`$#&%('*),+.-)(/0
  
%

#&'
 
0  #
  
%(0

' ﬂ
 
0

% '*')('*0

	
 ﬀﬀﬁﬃﬂ !	"#ﬀ$%&'()ﬀ*
%+-,343/.)01+#243655,8790






ﬂ52

;6

E1:<;60=5
>542ﬁ+1?@0@+0A.)0CBCDE3F2@,G/+0A3F+>HIDE.4?J,82436DE+K;9/3L3F+M>36N ﬀ,8+2
N 01;F;60C5OM/01P.,83601+2 9124.)05)0C5Q5)DE.424360C5LD@?-91?@0543ﬀGC01;F;60C5RQG135)DE+#2LGCDE.4.)0CG12)0C5SR

;ﬀM/DE3F2OM/DE+GM/TCGCD/P.43F.)3ﬀ,8.
;9/31QU?-91?@0V;60C5GCDE.4.)T1;W,82436DE+5X0 :Y36542,8+2)0C501+24.)0V;60C5ﬀ3ﬀ,824.)DE+5ZM\[],343/.)01+#24365)5,8790^R`_<D/.ﬀ3`01.4?@012424.)0-/+a2)01;
,343/.)01+#24365)5,8790^:`3F;&0C5)2Z+TCGC0C55,83F.)0bN 0;60C5XM/DE+/+TC0C5	GCDE+#243601+/+01+2!/+cGC01.42,83F+cM/017^.)TdM/0.)0CM/DE+M,8+GC0^R
	L01242)0(?@T12ﬃﬀDYM/03/.)D=3D^50(M/0	G1;W,E5)543ﬀ01.ﬃM/0C5ﬃ0 :>01?53/;60C5SR
e
f\gEhiQj>klhnm	o\pSq9r4sut4v^wFtxhAv^qnj>txpUyzk{)k]wWhq#s}|L~4i(wFqYpCq#rJv^qjYtxpCv^wFsVﬀ 1rr4v^txCq>{h|
qYh1rhŁhpCqqYh4r{pCqswWhq#s%h4rwFq)pSt4iXSswWpSq9rr4v^t{9{)v^qh4r{k]wWh)qsWr|
 jj>txhq#suwrrhX{pCq#rwr4s}hXtxhItxpCvj#htOklh)rh)q#r)hi()klh)r hg8hijYklh)rhq%{kl1rrh)r)|/h
r41r4sIi(hh4r4sﬀhqZi(h)rv^th<hjYtSwFtxh<klh&t4wrv#h {{wWhq#s`hrpCq	{k]wWhq#sﬀhqZv^suwFk]wrCqs
r{)klCrr)h|ﬀhQjYtxpStCiZiXhX jj>txh)qswrr8hXq/ Lj#1rh)rpCwFq v^qJi(CFsutxhQjYv^wrv#h
k hg)j9ht4suwr)hOh4r4s9jYtx)rh)qsIhQCq#r<klh)rQpCqqYh)r&hQiXSq#wWtxhwFijYkwW{)wFs}h4 k jjYtxhq#suwrr)h
h)r4szqYpSq#¡Ir4vj#h)t4¢wr|
	£ ﬀﬀﬁﬃﬂ ﬀ$%&'Xﬀ*
%+¤,343/.)01+#243655,8790

ﬂ52

;6

E1:X;60Ł?J,3]624.)0H}D/.4+/3F25)DE3F2;U[],EG12436DE+¥N	/3M/01PY.,83F209124.)0Ł0 :/TCG/2)TC0^:
5)DE3F2 /+¦7^.,EM>3601+2n5ﬃ/.A;U[§01.4.)0/.nGCDE?d?d365)0^R X,8+5=;60C5=M/0%:¨GS,E5S:;60©?J,3]624.)0H}D/.4+/3F2,ªGCDE+24.	E;60/.
/+03F+M>36GS,82436DE+5ﬃ/.X;U[],EG12436DE+N «[ 3F;M/01PY.,83F2X79T1+T1.)01.,¬+cM\[],8?@T1;F36DE.)01.V5)0C5I301.H}DE.4?J,8+GC0C5 #ﬁ 1R¬7*/.)0
8
R R>­Q[ /243F;F365,82436DE+M\[ /+0X2)01;F;60	,343/.)DYGﬁﬀ03/.)TC5ﬃ4343`D^5)0X;U[§0 :>36542)01+GC0(M\[ /+n0 :301.42GS,3ﬀ,8®/;60	M/0H}D/.4+/3F.
/+Ł01+5)01?®/;60%M\[§0 :/01?53/;60C5HIDE.4?@TC5M/0J543F2ﬃﬀ,82436DE+5b012M\[],EG12436DE+5GCDE.4.)0CG12)0C5b,E5)5)DYG136TC0C5SR 	L0C50 :/01?53/;60C5
M/DE3FP901+#2 9124.)0X.)0<3/.)TC5)01+#2,8243H}5M/0X;W,d2¯EGﬁﬀ0 @,EGCGCDE?53/;F3F.SR
e
f\gEhiQj>klhm8°h{pCqqYSwrrSqY{hQhO{Ctx{)s})th4r<iXSq#vEr{)t4wFsr|8 jjYtxhq#suwrr)hL{pCq#rwr4s}h
OwWhq#suw yhtzk±h4r)pSt4iXh)r|²ZCq#r{h<{Cr pCqjYt4rhq#s}h<SvgOr41rs}iXh)r<h)r<{9CqswFkFk±pCq9r
i(CqvEr){t4wFsrcﬀ v^qYhck±h)susthhk Ck j99h)sn{pCqq#v#h|Z~)kXr9 wFs=ﬀ ³)sutxh´{j9)k±h´h
8)q>)tCk]wrht%j#Ct4suwFtJ hgEh)ijYklh)r%hqŁ{pCq#q>CwrrCqsklrpCk]v^suwWpCq# k jjYtxhq#suwrr)h
h)r4s«r4vj9ht4¢wr)|
Controleur Processsus
Action
Erreur sur l’action
Gradient sur l’erreur d’action
Entrée
SortieAction
À
Á
Â
Ã
Ä
Å
		
TlµaDa ﬁﬀ!ﬂ;  "$#ﬃ% #ﬃ' (3"4*ﬁV-/. %&ﬁ0ﬀ! "3#ﬃ')ﬃﬃ%&2 !5ﬁ  ﬀx¶ '1 ﬂ·*. %&ﬁﬀ¸ z¹a ' 23"ﬁ'  ﬀ·Sº»»¼½ 9
	x ﬀﬀﬁﬃﬂ¾¿C!`À*
_&,8.%D=343`D^543F2436DE+«:&;60=?J,3]624.)0n01+Á,343/.)01+#243655,8790 


ﬃ#ﬁ
E, /+Â.	E;60M\[§T1PE,8;9ﬀ,82)0/.A012d+DE+R3ﬀ,E5
M\[ 3F+5424.ﬃG12)0/.SR

;`0C5)2S:Y01+=79T1+T1.,8;U:,343`01;6TXG1.43F2436N 0^R/­«0Z.	E;60(M%G1.43F2436N	0(0C542LM/0ZH}D/.4+/3F.3/+0Z?@0C5ﬃ/.)0
3F+M>36N ﬀ,8+2A5)3;U[],EG12436DE+Ã79T1+T1.)TC0©0C542%,343/.)D=3/.436TC0DÃ+DE+«R

;;W,8365)5)0a;60aGCDE+#24.	E;60/.=M/T12)01.4?d3F+01.5)0/;


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0
UÄ

 
0&0     
 
%(0

' ﬂ
 
0

% ''*)('*0

GCDE?d?@01+23F;M/DE3F2?@DM>3¬ﬀ01.b5)0C5V,EG12436DE+5M/0@?J,8+/3 +1.)0 DE®/2)01+/3F.)/+0@?@013F;F;60/.)0AT1PE,8;9ﬀ,82436DE+´M,8+5V;60
H /2ﬃ/.ﬃ#ﬁ 1Rﬀ¬7*/.)0
8
R_^R.	LDE+24.,83F.)01?@01+#2VM/DE+G d;U[],343/.)01+24365)5,8790b5ﬃ43`01.4P365)T^:ﬀ;60G1.43F2436N	0GCDE+/+ﬀ,3]62;60C5
DE® 40CG1243HI5QP365)TC5?J,8365Q+05,83F2 3ﬀ,E5GCDE?d?@01+2O;60C5L,8242)013F+M>.)0^Rﬁ(,8+5Q;60ﬃGS,E5M/0;U[],343/.)01+24365)5,8790.)01+>HIDE.)GCT^:
;60(GCDE+24.	E;60/.M/DE3F2ﬃM/TCGCD/PY.43F.5)0/;\;U[],EG12436DE+N «[ 3F;zM/DE3F2ﬃ79T1+T1.)01.,¬+aM\[§DE®/2)01+/3F.;W,d5DE.424360	M/TC543F.)TC0^R
e
f\gEh)ijYklhAmo«pCq#sutSklh%ﬀ v^qtxppSsQj#htxCvSq9rbv^qkl)Ct4wFqsF#h|hdtppCsXpswWhq#s
v^qYhJtx{pSiQj#hq9rh={9)v#hX)pSwrA)v« wFkLsutxpCv^¢Ch%klrpSt4swWh|Ov#{v^qŁhg8hijYklhAq/ h)rs
)pSv^t4q#wFtCvcr41r4s})i(h4 XwFkLqYh%r9 wFspSqY{Vj#1r jjYtxhq#suwrr8h=r4vj9ht4¢wr)| ﬀh
iX{Cqwri(hjjYtxhqY©kx wFq#s}h)tx{)suwWpCq-hq#sutxh%v^qr41r4s})i(h=h)sXrpCqÂhq#¢wFtxpCqqYhiXhq#s}|
ﬀh@r41rs}iXh%pCwFsZsutxpCv^¢Ch)tdkx {swWpSqKv« wFkOpSwFsXhh{sv#htbklpCtrv« wFkLh)rs(Sq9rdv^qYh
rwFsuv#CsuwWpCq¦pCqqYh|  jjYtxhq#suwrr)harhaCr)hr4v^t%kliXs}j9#pCtxh©hnkl{CtpCsusIh
h)sSv=	Cs}pCq>| h)q¢wFtpCq#q>h)i(hq#s`j#h)v^s
 j>v^q#wFtpSv
6tx{pCij9hq9rht klhZr41r4s})i(h(h)q
)pCqY{suwWpCqh)r{)suwWpCq#rﬃ)v#hZ{h)k]v^wF¡{wzQ)SwFsI|
Controleur CritiqueProcessus
Entrée Action Sortie Evaluation
À
Á
Â
Ã
Ä
Å
N 
 Tﬁﬀﬃﬂ !"$#ﬃ%&#!')("7*,a- . %ﬁﬁﬀﬃ"$#!'1!ﬃ%3 ﬀﬃ"(ﬀ	 ﬂ·&* . %ﬁﬀx¸;¹a '3"ﬁ')ﬀ·9º»»S¼½ 9
.
9ﬃ+053ﬀ,8.424360%M/0@;W,GCDE?d?-/+ﬀ,/2)T%GCDE+5)36M+1.)0%N	0d;U[],343/.)01+#243655,879093ﬀ,8.V.)01+WQ
HIDE.)GC01?@01+2+0AGCDE+54243F2ﬃ03ﬀ,E5-/+ 3ﬀ,8.,EM>3F7^?@0M\[],343/.)01+24365)5,8790=012N	«[ 3F; 5)0
G1;W,E5)5)0F3ﬀ,8.4?d3«;60C5ﬃ,343/.)01+24365)5,8790C5+DE+WQ5ﬃ43`01.4P365)TC5R
UÄ
 "a`$#&%('*),+.-)(/0
     
            
	 
 	 
	  	""  



  
­«0C55
Y5)21?@0C5	M/0@G1;W,E5)5)0/.)55)DE+#2M/0C5V,8.)G/3F2)0CG12/.)0C5bM/0@GCDE+24.	E;60J012VM\[],/.)01+24365)5,8790%+DE+5WQ
01.4PY365)TXM\[ 3F+#2)01.,EG12436DE+5Z01+#24.)0/+n5
Y5)21?@0X,8.4243¬ﬀG13601;<0125)DE+01+#PY3F.)DE+/+01?@01+#2SR

;655DE+#2ﬃ,ﬀ,8.5ﬀ`Dﬁ/.
ﬀ,8;F;F3601.	;60C5ﬂ/.)DE®/;ﬃ1?@0C5VM/0dGCDE?/;60! >3F2)Td.)01+GCDE+24.)TC5V;6DE.)5	M/0b;W,A?d3650d01+BOﬂ/P.)0@M\[],8;F79DE.43F2/?@0C5M\[],WQ
/.)01+#24365)5,8790"ﬀ,8.L.)01+>HIDE.)GC01?@01+25 /242)DE+z:$#&%(')R  ,`01;6DE+5ON0;U[],/.)01+24365)5,8790*ﬀ,8.L.)01+>HIDE.)GC01?@01+2
GCDE+5436542)0 .)0CG+01.)G01.*/+0V,EG12436DE+ b0!,\0CG1201.ﬃ5)01;6DE+n;U[§T12,82ﬃM,8+5;60CN-01;z50X24.)Dﬁ/P90./+n5
>5421?@0	,¬+
M/0?J,/ >3F?d365)01.M/0C5Q.)TCGCDE?`01+5)0C5 IDﬁ@.)01+>H}DE.)GC01?@01+#2 M>365424.43F®TC0C5;6DE.)5OM/0;U[],8.4.43FP9TC0ﬃM0%5
Y5)21?@0M,8+5
GC01.42,83F+5JT12,82)5SR9ﬃ+0nM/0C5%M>321JG/;F2)TC5%M/0aGC02 
30aM\[],/.)01+#24365)5,8790.)TC5436M/0nM,8+5J;W,.)0/.)TC5)01+2,82436DE+
M/0C5@T12,82)5 8Q5DE3F2@DE+Á0C542@GS,ﬀ,8®/;60nM/0nGCDE+/+ﬀ,3]624.)0Gﬀ,EG/+ÁM\[§00 -5,8+5%,8?V®/3F7(
/
2)T^:GC0aN-/33F?/;F36N0
M/0C5?@TCGS,8+/3654?@0C5M/0`01.)GC0/2436DE+M/0(;U[§01+P3F.)DE+/+01?@01+2X3F.4.)TS,8;F36542)0C5012"/+0V0! 0ﬀ,54243FP3F2)T,/7^?@01+#2,8+#2
GCDE+5436M/T1.,8®/;601?@01+#2d;60C5PY3F2)0C5)5)0C5VM\[],/.)01+24365)5,8790545)DE3F2DE+ŁGCDE+5436M1.)0=M/0C5?@TCGS,8+/3654?@0C5bM/06`01.)GC0WQ
2436DE+a.)0C5424.)013F+2)50123F;\HU,/2ﬃ24.)Dﬁ/P901."/+?@D 
901+M/0VM>3654243F+/7(01.ZM/0C5ﬃ543F2ﬀ,82436DE+5ZM>32,\T1.)01+#2)0C5*01.)B0C5ZM/0
H},EBCDE+501?V®/;W,8®/;60 7`01.)GC0/2436DE++DE+?J,8.89DP3601+/+0!R­«0C5V5 
Y5421?@0C5(M/0JG1;W,E5)5)0/.)5./.)Dﬁ`D^5)01+#2M\[],E5)5)D$Q
G13601.M/0C5O,8;F79DE.43F2/?@0C5LM\[],/.)01+#243655,8790"ﬀ,8..)01+>HIDE.)GC01?@01+2 (M/0C5Q.)0/.)TC5)01+#2,82436DE+5L79T1+T1.,8;F365,8+2)0C5SR

;65
,/.)01+/+01+#2A;W,AH}DE365	;60C5V,EG12436DE+5 =GDE36543F.01+cH}DE+G12436DE+ŁM/0C5.`01.)GC0/2436DE+5,83F+5)3N-«[ /+¬;F24.,8790JM/0
GC0C59`01.)GC0/2436DE+5:`01.4?@01242,8+#2 M/0ﬃM/T¬+/3F.O;60+DE?®/.)0M\[§T12,82)5O79T1+T1.,8;F365)TC5O?d3F+/3F?;/?n:01.4243F+01+2)5<`Dﬁ/.
;U[],/.)01+#24365)5,8790^R
­«0C55
Y5)21?@0C5(M/0@G1;W,E5)5)0/.)5(5)DE+2VT17#,8;601?@01+#2M/0C5	Dﬁ/243F;65VM/0=/.43650dM/0@M/TCG1365436DE+ >ﬀ,8.42	01+243ﬃ1.)0^R

;65V5)DE+#2?/243F;F365)TC5S:@ﬀ,8.0! >01?/;60^:ADﬁ/.0!,`0CG1201.M/0C5M>3W,87^+D^5)2436GC5V?@TCM>36GS,0 CB DE+01;F;F3012ﬃ,8;URW:9#&%(%
DﬁŁT1;W,8®`DE.)01.M/0C55424.,82)T17^360C5M,8+5V;60%GCDE?V®ﬀ,82@,ET1.43601+´GC0%N-/3U:z01+#24.)0=,/24.)0^:<,D01.4?d365M/0JM/TCGCDﬁ/PY.43F.
M/0C5?J,8+ Oﬂ/PY.)0C5N/3zDE+2ZT12)T(2)0C5)2)TC0C501+a5)3F2ﬀ,82436DE+.)TC01;F;60;ﬀ,8.ﬃ;U[ 9
8
3F.EﬀDE.)GC0  ?d3F2012ﬃ,8;URW:@#&%(%(%R
%+ÂTCGCDE+DE?d360^:&3F;65dDE+#2`01.4?d365dM\[§T12M>3601.@M/0C5d5)GCT1+ﬀ,8.436D^5dM/0A+T179DG13W,82436DE+ },EG+ﬀ,82  P901+#2)0M\[],EG12436DE+5 
012@M\[],/.)01+M>.)0M/0C5J5424.,82)T17^360C5JTCGCDE+DE?d36N0C5  YG+-/;601+®/.47=012  D^5)5C:0# R5F,8365@G^[§0C542%M,8+5@;W,
/.)DE®/;6T1?J,82436N-0ﬃM/0;U[],/.)01+#24365)5,8790M/0GCDE?`DE.42)01?@01+#2)501+%543F2ﬀ,82436DE+J,/2)DE+DE?@0ﬃN«[ 3F;65Q5)DE+2;60C5 /;G5
01.4243F+01+2)5SR X,8+5=HZ3F.,8.)Mn012,8;UR-0# :«3F;65GCDE+54243F201+#2b;60J?@TCGS,8+/3654?@0JM/TCG1365436DE+/+01; M/0@P^,8365)5)0S,0 
5ﬀ,8243W,0 \R >,8+I, 0# A;60C5J/243F;F3650KDﬁ/.aGCDE+24.	E;601.a;W,Â5T1;60CG12436DE+M\[],EG12436DE+5aM\[§01+243F2)TC5nPY3F.4201;F;60C5
GCDDﬁ`T1.,8243FP90C5S:ﬀ,/;F36NTC0C5M,8+5"/+  0nM/0XH}DYDE24®ﬀ,8;F;\P3F.4201;zDﬁLGﬀ,EG/+aM/0C5,J,EG12)0/.)5ﬀ`D^5)5CM/0ﬂ/+
5
>5421?@0%M/0=G1;W,E5)50/.)5SR %+>¬+«:  ﬃDE®`01.42012ﬃ,8;UR V;60C5b3F?/;F36N-0=M,8+5b;W,©5)T1;60CG12436DE+-M\[],EG12436DE+-M/0
01.)5DE+/+ﬀ,8790C5ZM/0  4001+©;F3F7^+0;`01.)5436542,8+2X012?J,E5)543FP901?@01+2Z? /;F2431Q  Dﬁ0/.)5R
	L01242)0V;F36542)0M\[§0! /01?/;60C5S:
+DE+n0! 3ﬀ,5)243FP90^:01.4?@012M\[§T1PE,8;G01.;60	;W,8.4790(Gﬀ,8?M\[],/;F36GS,82436DE+©M/0	GC0C55
>5421?@0C5SR %Q;F;60	0! 3/;F36N0


-)(%(' #&0# )%

0$%'
ﬀ
%ﬁ 'ﬂ '%(0 M
ÄﬁN
 
0&0 +  0    
 
0  #&0 )

ﬂ0-%	 -

0

%,` 0



' 
 
`

`%

0
01+ ﬀ,8.424360%;60C5	.,8365DE+5;`Dﬁ/.V;60C5)N01;F;60C53F;0! Y365)2)06/+0@? /;F243F2M/0=M/0@?@DYM1;60C5V012M\[],8;F79DE.43F2/?@0C5@,
?d3F;F360M/0C5)N01;65 3F;`+«[§0C542 ﬀ,E5,8365)TXM/0Z50ﬃ.)0124.)Dﬁ/P901.SR0	L01242)0(,8+/+0! /0ﬂ/.)DﬁD^50 /+0ZP30XM\[§01+5)01?V®/;60V,
24.,SP901.)5M\[ /+0 /.)TC5)01+#2,82436DE+ /.)DE7^.)0C5)543FP90J36M/01+#243¬,8+#2;60C5VM>32,\T1.)01+#2)5?/.)DE®/;ﬃ1?@0C5.)01+GCDE+#24.)TC5?ﬀ,8.V;60C5
M>32,\T1.)01+#2)0C5ﬃP901.)5436DE+5ﬃM/0(5
>5421?@0C5M/0(G1;W,E55)0/.)5SR­Q[],8+/+0! /0	0C542ﬃ,8.42436G/;6TC0GCDE?d?@0	5/3F2SR
­,V5)0CG12436DE+>BXRG#ﬀ/.)TC5)01+2)0ﬃ;60C5</.43F+G13G`0C5</243F;F365TC5OM,8+5O;60C5O5 
Y5421?@0C5LM/0ﬃG1;W,E55)0/.)5S:#01+ /.)Dﬁ`D^5,8+#2
/+0AH}DE.4?J,8;F365,82436DE+ÃM/0n;60/.@5424.G12/.)0a012@M/0;60/.%M!
+ﬀ,8?d36N03F+#2)01.4+0^R 	L01242)0=H}DE.4?J,8;F365,82436DE+Ã5)01.42
M/0J®ﬀ,E5)0 a;U[ 3F+#24.)DYM0G12436DE+ÂM/0C5V?@TCGS,8+/3654?@0C5bM\[],/.)01+24365)5,8790^R­z,5)0CG12436DE+ BXR a?@DE+#24.)0=M>32,\T1.)01+#2)0C5
P901.)5436DE+5M/0V5
>5421?@0M/0	G1;W,E5)5)0/.)5 8/;60
9:;609:;60C5Z5
Y5)21?@0C5@,8+2436G13Gﬀ,82436DE+012;60C5ﬃ5
>5421?@0C5
/36T1.,8.)G+/36N-0C5012 T12)T1.)DE7 1+0C5R2%+>¬+«:>;W,b5)0CG12436DE+DBXR_^M>.)0C5)5)0*/+®/3F;W,8+n012 /.)DﬁD^50ﬂ/+A.)TCGS,/3F2/;W,8243H
`01.4?@01242,8+#2ZM\[],836M/01.,aGDE32 nM\[ /+?@DYM1;60	01+H}DE+G12436DE+aM/0X;U[],8+ﬀ,8;ﬂ
>5)0	M0D/.)DE®/;ﬃ1?@0 d24.,83F2)01.SR

ﬁﬃ Y /4> 3
'
> , 1
%
401 H.*
%
1
 Dﬁ5=,8;F;6DE+5%3F+24.)DM0/3F.)0©;60C5 /.43F+G13G`0C5%M/0®ﬀ,E5)0©M/0C5%5
>5421?@0C5AM/0aG1;W,E5)50/.)5=,Ã24.,CP901.)5M/0C5
/.)01?d3601.)5?@DM1;60C5:@/.)Dﬁ`D^5)TC5;ﬀ,8.DE;F;W,8+M  #&%Rz­,D/.)01?d3ﬃ1.)0%3F?/;6T1?@01+#2,82436DE+«:Q,`01;6TC0	  #^:
,ﬀ,8.,3]62d01+ #&%ﬁ' ZDE;F;W,8+Mn012  ﬃ013F24?J,8+:<#&%ﬁ'ﬀ8A/+0A543F2ﬀ,82436DE+KDﬁﬀaT12,82 01.)Bﬂﬁ0C5)2542)DYG89TC0
M,8+5 /+0V?@T1?@DE3F.)0 `01.)GC0/243FP90bM/0	2,83F;F;60;F3F?d3F2)TC0^:,E5543F?d3F;6TC0J;W,ﬃb?@T1?@DE3F.)0JGCDﬁ/.42Z2)01.4?@0ﬁnM/0C5
5)G13601+GC0C5%GCDE7^+/3F243FP90C5 },`01;6TC0n;F36542)0aM/0C5d?@0C5)5,8790C5 R9ﬃ+0®ﬀ,E50nM/0.17^;60C5 cGCDE+M>3F2436DE+WQx,EG12436DE+ ﬁ 
GCDE+54243F20¦;U[§TCN/3FPE,8;601+2-M/0¦;W, ?@T1?@DE3F.)0  ;6DE+/7 2)01.4?@0^R
8
Gﬀ,EN0ªG
YG1;60¦M/0ÃHIDE+G12436DE+/+01?@01+2S:
/+ ?@TCGS,8+/365)?@0M\[],ﬀ,8.43601?@01+#2ª01+24.)0 ;60C5ÁGCDE+M>3F2436DE+5¦M/0C5-.17^;60C5Ã012Á;60C5 `01.)GC0/2436DE+5 01.4?@012
M\[ 36M/01+243¬ﬀ01.@;W,©Dﬁ´;60C5@,EG12436DE+56Dﬁ/P^,8+#2-9124.)0,/;F36NTC0C5 },EG12436DE+
I5 542)DYG89TC0I5 M,8+5d;W,;F36542)0=M/0C5
?@0C5)5,8790C5 R/­Q[§0! /01?/;60	5`DE.42ﬀ/.)DﬁD^5TﬂDE.42)0(5/.;U[§0! 0/;6DE.,82436DE+M\[ /+a;W,8®&
Y.43F+#20,n5013F+nM0N-01;
5)0ﬃ24.)Dﬁ/P90XM/0;W,V+Dﬁ/.4.43F2/.)0(N/3.,`DE.42)0M/0C5 `DE3F+#2)5SR>­Q[§DE® 40CG1243H<0C5)2LM\[],/.)01+M>.)0(01+A;F3F7^+0 IDﬁ ﬀ,8.
0! 0T1.43F?@01+2,82436DE+0;U[],E5)5)DYG13W,82436DE+M/0LGCDE+M>3F2436DE+5012&M\[],EG12436DE+5&?J,/ Y3F?d365,8+2&;W,.)TCGCDE;F2)0 M/0<DE3F+2)5SR_<Dﬁ/.
T1PY3F2)01.O;U[§0! 0/;6D^5436DE+GCDE?V®/3F+ﬀ,82)DE3F.)0VM0%+DE?®/.)0(M/0ﬃ.17^;60C5 `D^5)543F®/;60C5S:!DE;F;W,8+M /243F;F365)0ZM/0C5,8;F79DE.43F2/?@0C5
79T1+T12436N0C5 .)0CG01.)G+ﬀ,8+#2M/0C5 .17^;60C579T1+T1.,8;F365,8+#2)0C5SRﬀ­«0X5
Y5)21?@0ZM/01PY3601+#2ﬃ,EM,/2,8243H&7^.¯EGC0 ;U[],  Dﬁ/2
M\[ /+ ﬀ,8.,8?6124.)0D/.)TH}T1.)01+#243601;(M!
+ﬀ,8?d36N0 I5Dﬁ/P901+#2A,`01;6TH}DE.)GC0!ﬀGﬀ,EG/+¨M/0C5JG1;W,E5)5)0/.)5R­«0C5
H}DE.)GC0C5M/0C5=.17^;60C5n5)DE+2a,8;6DE.)5=?@DM>3¬ﬀTC0C5nM!
Y+ﬀ,8?d36N01?@01+#2 ﬀ,8.=;60®/3W,8365M\[ /+,/.)01+24365)5,8790 ﬀ,8.
.)01+>H}DE.)GC01?@01+#2SRY­«0C5Q.17^;60C5OM/0 H}DE.)GC03F?DE.42,8+2)0ﬃDE+2:/;G5M/0ﬃGﬀ,8+GC0ZM\[ 9124.)0GDE3654360C5<ﬀ,8.Q;605 
Y5421?@0^:
2,8+M>365N0(;60C5.17^;60C5ﬃM/0XH},83F®/;60ZH}DE.)GC0	5)DE+2ﬃM/T124./3F2)0C5ﬀﬀ,8.ﬃ;U[],8;F79DE.43F2/?@0	79T1+T12436N0^R
­,	¬7(/.)0*BXRG#5 
+2T124365)0Z;60C53F+2)01.,EG12436DE+501+#24.)0*/+=5
Y5)21?@0M/0ZG1;W,E5)5)0/. 012O;U[§01+P3F.)DE+/+01?@01+2SR

Dﬁ5z3F+24.)DM0/365DE+536G13>M/00 	3F+#2)01.HU,EGC0C5N/35)01.)DE+2 /243F;F365)TC0C5<;6DE.)5<M/0+DE24.)0H}DE.4?J,8;F365,82436DE+ 8S;U[ 3F+#2)01.HU,EGC0
M\[§01+24.)TC0^:N/3`01.4?@012aM/0.)0/.)TC5)01+2)01. /+0 01.)GC0/2436DE+ M/0c;U[§T12,82M/0;U[§01+#PY3F.)DE+/+01?@01+#2S:(012aGC01;F;60
M/0´5)DE.424360ÂN/3?`01.4?@012cM\[§0! >TCG/2)01.c;U[],EG12436DE+¤G+DE3654360Â012cM/DE+G´M\[],87^3F.5/.;U[§01+P3F.)DE+/+01?@01+2SR %;F;60
?@DE+24.)0aT17#,8;601?@01+#2A;60C5+S 0 -M\[ 3F+>H}DE.4?J,82436DE+ 8&;U[§Dﬁ`T1.,82436DE+¦M\[],ﬀ,8.43601?@01+2S:;U[§T1;60CG12436DE+¦M\[],EG12436DE+«:;60
.)01+>H}DE.)GC01?@01+#2Z012;U[],EM,/2,82436DE+ ﬀ,8.ﬃ,8;F79DE.43F2/?@0C5ZT1P9DE;G/2436DE+/+/36542)0C5SR
"


 #V! $ ﬁ&%)ﬀﬁ )!
(,8+5XGC01242)0?ﬀ,8.424360^:ﬀ+Dﬁ5(,8;F;6DE+5 /.)DﬁD^5)01.*/+0VHIDE.4?J,8;F365,82436DE+©3F+G1.)T1?@01+#2,8;60d012Z79T1+T1.436N0M/0C5
5
>5421?@0C5M/0	G1;W,E55)0/.)5SR
M
Ä('
"a`$#&%('*),+.-)(/0
 %('

)('

0 #&0

0
Interface de sortie
Rétribution
Interface d’entrée
Liste de règles
Appariement Election
d’action
Renforcement
Algorithmes
Environnement
Système de classeurs
évolutionnistes
À
Á
Â
Ã
Ä
Å
		
7  "$#!ﬀR%  #!')("0  "3#ﬃﬀ! - "E¶ ' ﬀﬃ("ﬁ"067"$# #-) 
	, #x¸67 *,  -1%ﬃ!5ﬁﬀR9
 ﬀﬂﬁﬃ! #" %$&(') 
­z,5424.G12/.)0M\[ /+b5
>5421?@0QM/0OG1;W,E5)5)0/.)5S: /.)TC5)01+#2)TC0L01+	¬7(/.)0 BXR+*>:0C542zGCDE+5)243F2TC0OM/0OM>32,`T1.)01+2)5
01+5)01?V®/;60C5 4Dﬁﬀ,8+#2ﬂ/+©.	E;60M,8+5Z;60GDE32 M/0;U[],EG12436DE+ d.)TS,8;F365)01.X.)01;W,8243FP90 6/+0543F2ﬀ,82436DE+cM/DE+/+TC0^R
EDE.4?@01;F;601?@01+#2S:"/+ 5
>5421?@0M/0©G1;W,E55)0/.)5n0C542>/+ Q /;6012#,-.:0/
1ﬀ2:3/54ﬃ2:6/8792:;:9<>=@?@AB@A@CﬀD<E:
FﬀG9H
.@I>JKC<E:L-<NM 8
.
-.	0C542;U[ 3F+#2)01.HU,EGC0ﬃM\[§01+24.)TC0^:^HU,8365,8+#2OGCDE.4.)0C5DE+M>.)0Z2)Dﬁ/2)01ﬃ.BKI.?ﬀJOC<EM/0;U[§01+#PY3F.)DE+/+01?@01+#2
/+aGCDYM/0X®/3F+ﬀ,83F.)0^R
.
/P192ﬀ:,`01;6T 2#
2"ﬂ

7


:0C542;U[§01+501?V®/;60VM/0C5ﬃG1;W,E5)5)0/.)5M0a5RQY5421?@0^:/GCDYM/TC5 ﬀ,8. /+0	5GCGC0C5RQ
5436DE+-M/0

®/3F2)5TSR&­«0C5d.)0/.)TC5)01+2,82436DE+5J79T1+T1.,8;F365,8+#2)0C5JGCDE+243601+/+01+#2=M/0C5@5UQY?V®`DE;60C5
#
GCDE.RQ
.)0C5`DE+M,8+#2  /+0©PE,8;60/.A3F+M/T12)01.4?d3F+TC0^RV+0a.17^;600C542 /+¨GCDﬁ/;60
(C,A)
,CP90CG
C ∪ A
∈ {0, 1,#}n
,CP90CG 8
W C
8>;W,bGCDE+M>3F2436DE+M\[],/;F36GS,82436DE+M/0X;W,b.17^;60^R
W A
8/;W,bDﬁn;60C5ﬃ,EG12436DE+5Z,E5)5)DYG136TC0C5 b;U[],/;F36GS,82436DE+M/0	;W,.17^;60^R
_.)01+DE+5ﬃ;U[§0! >01?/;60VM\[ /+.)DE®DE2N/3 D^55CM/0XN-ﬀ,824.)0(GS,/2)0/.)5ﬃ2)Dﬁ/2Dﬁ.43601+«:012 /+0	,EG12436DE+«R
­Q[ 3F+2)01.H},EGC0M\[§01+#24.)TC024.,8+5H}DE.4?@0	;U[§T12,82ZM/0C5ﬃGS,/2)0/.)5Z01+D/+0(P^,8;60/.ﬃ®/3F+ﬀ,83F.)0^:ﬀ012ﬃ;U[ 3F+#2)01.HU,EGC0
M/0@5DE.424360JM/TCG1;601+G0%;U[],EG12436DE+Ł01+HIDE+G12436DE+M/0@;W,=PE,8;60/.M0®/3F2VM\[],EG12436DE+«R
8
3F+543U:@/+0d.17^;60
{011#, 1}
543F7^+/3¬ﬀ0ﬃN-0;W,Z.17^;60ﬃ0C542O,/;F36GS,8®/;60543/;60ﬀ/.)01?d3601.OGS,/2)0/.0C5423F+ﬀ,EG1243H«012Q;60C5M/00 
5/3FP^,8+#2)5(,EG1243H}5SRﬀ­[§T12,82XM0Nﬀ,824.43ﬃ1?@0GS,/2)0/.X+«[],ﬀ,E5XM\[ 3F+WS 01+GC0^:`012Z;U[],/;F36GS,82436DE+M/0;W,
.17^;60	M/TCG1;601+G+0V;U[],EG12436DE+«R
.
/54@2
⊆
/
1ﬀ2Ã0C542;U[§01+5)01?V®/;60M/0C5nG1;W,E5)5)0/.)5nM/DE+2n;W, ﬀ,8.424360cGCDE+M>3F2436DE+5S[],ﬀ,8.4360,CP90CG;60C5
3F+>H}DE.4?J,82436DE+5A`01.)B0C5<M/0;U[§01+#PY3F.)DE+/+01?@01+#2 `Dﬁ/.@/+VGTQ>G1;60QM/05)T1;60CG12436DE+«RYX;#0C5)2,01;6T;Z
P[]\

6)
R
.
/87ﬃ2
⊆
/84ﬃ2@0C5)2;U[§01+5)01?V®/;60M/0C5G1;W,E5)5)0/.)5.)0/.)TC5)01+2,8+#2Z;U[],EG12436DE+a5)T1;60CG12436DE+/+TC0^R^Xx;«0C542,`01;6T
_
[
=



6)
R
.
:9<)=ﬃ?`AB@A`C!D!<E0C5)2\;60?@TCGS,8+/3654?@09`01.4?@01242,8+#2<M/0 ﬀ,E5)5)01.«M/0N/
1ﬀ2 6/54ﬃ2RaXx;95S[],87^3F2\79T1+T1.,8;601?@01+#2
b(cedgf;h^i8jTkghml8n
opjrq>iﬃi5sYi5nPtgf;hgin8l
oUuvovj+w+wrhmqanﬃi8x>lﬃyﬀz ovxYn8lPhgi@opw+{)|op}hmnPiK~copn8nPhgx>kgkgj]Uv])6j+wri8vqﬃppŁ]Ł]Łvo)ghg]xYshnopw
vŁ]Ł]
ﬀ!ﬀUrﬀﬀﬃ!9T ¡9>Uﬃ£¢>>¡ﬃUﬃ
M
Ä¤
 !!

   
 
Y 

g

  Y ﬀ

9UUY!

!!¢>
`
U>vT! 9
`

`



M\[ /+0%.17^;60AM\[],ﬀ,8.43601?@01+#2@01+24.)06:012;U[ 3F+>HIDE.4?J,82436DE+ /.)DP901+ﬀ,8+#2@M/0 -./RL01242)0A.17^;60%5,83F2
3F+#2)01./.)T12)01.Z;60C55UQY?V®`DE;60C5M/0(79T1+T1.,8;F365,82436DE+©GCDE?D^5,8+2;60C5GCDE+M>3F2436DE+5ZM/0C5G1;W,E5)5)0/.)5R
.
F9GﬀH
.@IYJOC<EÃ0C542=;60?@TCGS,8+/3654?@0 `01.4?@01242,8+#2©M/0Kﬀ,E5)5)01.nM/0 /84ﬃ2 /P792ﬀR;Xx;(M/T12)01.4?d3F+0^:ﬃ01+
HIDE+G12436DE+M/0G1.43F21.)0C5z5TCG13¬ﬀN0C5,0 	M>32,\T1.)01+#2)0C5<P901.)5436DE+5zM/0O5UQ>5421?@0C5«M/0QG1;W,E5)50/.)5S:S;U[],EG12436DE+
GDE3654360^R
.
-< 0C542;U[ 3F+2)01.H},EGC0M/0¾5)DE.424360 H},8365,8+#2 GCDE.4.)0C5DE+M>.)0 /+ GCDYM/0 ®/3F+ﬀ,83F.)0 ;U[],EG1243FP^,82436DE+
M\[ 7KIYJOC<E	]D
#R
<ﬀ,EN0d2
Q3`0@M/0@5UQ>5421?@0@M/0@G1;W,E55)0/.)5VM/T¬+/3F25)0C5./.)Dﬁ/.)0C5?@TCGS,8+/3654?@0C5M/0:9<>=@?@AB@A@CﬀD<E012M/0
F9GﬀH
.`IYJOC<ER
Environnement
Population [P]
Ie
Comparaison
Ensemble correspondant [M] Sélection Ensemble sélectionné [A]
IoPerception Action
À
Á
Â
Ã
Ä
Å
N 
7±µ $#ﬃﬀ!5  #!50ﬀ! # *!	$" %&67')8$5ﬁ *` 5ﬁ" 	  #x¸ 67*ﬁ  -1%ﬃ  5ﬁﬀﬃ 9
    &  %"ﬀﬁ 'ﬂ '>ﬃ   " %ﬁ"!
&(')') Kﬀ'
­z0C5´M>32,\T1.)01+#2)5´?@TCGS,8+/3654?@0C5´3F?/;F36NTC5ŁM,8+5´;W,M@Q+ﬀ,8?d36N0ÃM\[ /+ 5UQ>5421?@0-M/0¦G1;W,E5)5)0/.)5S:
5S[§01+G+ﬀ,3]6+01+#2bGTQYG1;F36N01?@01+#2b5)01;6DE+;U[§DE.)M>.)01ﬃ.BKI.?ﬀJOC<E$#6:ﬃ<>=ﬃ?`AB`A@C!D!<E$#
FﬀG9H
.`IYJKC<E$# 7KI>JKC<ER
L0GTQ>G1;600C542a.)TT12)T012 0/2 9124.)05)Dﬁ/?d365% /+ G1.43F21.)0M/0c2)01.4?d3F+ﬀ,8365)DE+ ,u2)01?5a?J,/ >3F?J,8;M/0
.)TC5)DE;G/2436DE+¦M0/.)DE®/;ﬃ1?@0 ﬀ,8.%0! /01?/;60YMRV+5)0M/DŁGCDM/0aTCN-/3FP^,8;601+#2=0C542JM/T¬+/3Z01+-¬7(/.)0 BZR_^>:
DﬁLc;W,=P^,8.43W,8®/;60

:`.)0/.)TC5)01+2,8+#2;60d+-/?@T1.)DM/0d;U[ 3F2)T1.,82436DE+ŁGCDﬁ/.,8+2)0^:z0C542(3F+24.)DM0/3F2)0 `Dﬁ/.XH},EG13F;F3F2)01.
;U[],8®`DE.)MM/0(;U[],/.)01+#243655,8790^R
&('*),+.- /0/21436587:9<;=?>A@CB DE9<F>*G69HDI36JLK
M6NCM
&LOLP?Q:R?R
M0STMVUVW?XTY[Z]\
P?Q?&
M?Y6N ^_X`^
&Ca,ab- /0/ﬁ7V3c7:=Vd G69HDI3[Je@[;1fd G[KgKh;f=V>hKDIJLDE9HDIG[d ;
i?j
M
P
UNﬂY
&lk
Y[NTU
k
Y
/0/21f>hDE9<m>*;n@[;n9<;>h5oDEJ:G[DEKh36Jqpr9<;f5s7:KAtItEt u
&v'*)w&yxCzn-
/[/_{[|~}V|[]ffVt143@0GfŁ[;b@0;Ad G7?;>14;*7:9HDI36J

U^
&Ca'g)
WLU
Q?k?
U
&
U:
&
YVW
R
^
&ﬂa-
/[/[hV0~}[?~f?t1436587VG6>*G6DEKh36Jq@[;6;f9"0;9KhG6=?;rŁ0G6>@[;d ;fKGh7[7VG[>hDI;f5o;fJL9HKA@[G6JLK 6
¡
^
&Ca¢'g)¤£ﬂQ?&

j
O]P?Q:R]R
M[STMVU?W
R
^

U^
&Ca¥
X"^
&Ca¥4O
Y
£
Z
Q
W
Q
M
R
Y[N
a-
/[/¦6§[¨~|0f]ffq©VtKhFd ;419HDª36Jﬀ@[;fK>mrŁ6d ;fK@[G6JLK*«~
¬"^
&Ca¢'g)­R
U
P
U:
&]OLP?Q:R]R
M0STMVU?W
R
^
¡
^
&Ca¥h®V¯LP
U:
&
M?Y[N
ab-
/[/_°Vf]ff?ﬀT±:t²;fJL36Dª;n@0;ndB G019HDI3[J³fDªG[´

Y²^
&Ca'g),R
U0N
k?µ
S]SLU:
&
YVW
R
^q¬"^
&ﬂaya-
	 
7aﬁ¶ !5 *,(  (,*, ﬀ! ﬁﬀ!ﬂ;  "$#ﬃ%&"$#-) 	8$50%&#!ﬀﬃVﬂ #R%&  	*ﬁ5 R	  -) *` 5ﬁ" 	  #x¸ 67 *, -)%3!!5ﬁﬀR 9
M
Äﬂ· ¸
`
ﬀ ¹  !º!
   !¢>Y ﬀ

ﬀU
"

£  Yﬀ`!$Àz)! %ﬁ`)ﬀﬁﬂ
­Q[],/.)01+24365)5,8790XM/0C55UQ>5421?@0C5OM/0G1;W,E5)5)0/.)5.)0D^5)05/.Q;60C5L,8;F79DE.43F2/?@0C5LM\[],/.)01+24365)5,8790C5 ﬀ,8.
.)01+>HIDE.)GC01?@01+2 ,/242)DE+<:@#&%(%0#>MR L012Z,/.)01+#243655,87900C5)2T1;W,8®`DE.)Tﬀ,8.0C55,831Q01.4.)0/.Z0125)0VG1;W,E5)50	M/DE+G
ﬀ,8.4?d3/;60C5,/.)01+#243655,8790C5QM>3F2)5 +DE+@5`01.4PY365)TC5 ﬁ ,	ﬃ013F7^+/3601.:#&%(%)9M:
CR^N-/3>+0 +TCGC0C5)543F2)01+2Q+/30/+0
5)T1.4360M\[§0! /01?/;60C5,/.)01+M>.)0GCDE?d?@0M,8+5;60C5.)TC5)0S,0 @M/0+0/.)DE?d3F?@T12436N0C5 M/02
Q3`0
[
	ﬀ
,CFGT</;F;6DYG012ﬃ_3F242)5S: #&%)0^ ,ﬀM+/3 /+0(T1;W,8®`DE.,82436DE+aM\[ /+0ZH}DE+G12436DE+nM/0ﬂﬁﬃ 	!"!$#@3F+M>36N-ﬀ,8+2ﬀ/.)TCG131Q
5)T1?@01+#2&;W,&%('*)ﬀ+,
	-M\[ /+0 5)DE;G/2436DE+«:EGCDE?d?@0 G^[§0C542<;60 GS,E5&,SP90CGL;60C5&,8;F79DE.43F2/?@0C5&79T1+T12436N0C5, HXDE;6M>®`01.47ﬀ:
#&%('(%!MR_Q;G5;/.)TCG1365)T1?@01+2S:<;60C55UQ>5421?@0C5M/0JG1;W,E5)5)0/.)5?/243F;F365)01+2bM/0C5b,8;F79DE.43F2/?@0C5bM\[],/.)01+#24365)5,8790
ﬀ,8.	M>32,`T1.)01+GC0b2)01?`DE.)01;F;60 ,	.X;6Dﬁ>H):5#&%*04//242)DE+z:5#&%(')ﬀ: #&%('('ﬀMZN/3 /+/3¬ﬀ01+#2;60C5X2TCDE.4360C5	M/0b;U[],WQ
/.)01+#24365)5,8790=ﬀ,8.(.)01+>HIDE.)GC01?@01+2;`Dﬁ/.	M/TCGCDﬁ/P.43F. /+c?@DYM1;60dM/0b;U[§01+#PY3F.)DE+/+01?@01+#210%012Z;60C5	.)TC5/;F2,82)5
M/0Z;W,/.)DE7^.,8?d?J,82436DE+©M@Q+ﬀ,8?d36N0XN-/3\Dﬁ/243F?d365)01+2 /+0Z5)24.,82)T17^360(M/0ZGCDE+24.12E;60(M\[ /+5UQY5)21?@03F+2)01.RQ
,87^365)5,8+2Z,CP90CG?/+01+P3F.)DE+/+01?@01+2 435678ﬀ
[
ﬀ9:)6;<=+>&?@A3CB+>ﬁED,CB 01;F;F?J,8+z: #&%6FE,/: ®@4 ZDAG ,8.)Mz:
#&%6H8® M: ,
[	I
R\T17#,8;601?@01+#20,	ﬀ542S:5#&%(%!M `Dﬁ/./+0d5UQY+#2 C5)0dM/0dGC0C5	24.,CP^,0 ^MR«­[],/.)01+#24365)5,8790 ﬀ,8.
M>32,`T1.)01+GC0L2)01?`DE.)01;F;605S[ 3F+#2)T1.)0C55)0,0 01+#PY3F.)DE+/+01?@01+#2)5 J3Cﬀ7K+>8?@A3LB+M$N!(O
<
[
ﬀ97'ﬁ9R8­[§DE® 0CG1243H
0C542M/0.)0124.)Dﬁ/P901.O;60C5LNﬀ,8;F3F2)TC5OM/T¬+/360C5L01+ /.)DE7^.,8?d?J,82436DE+nM@QY+ﬀ,8?d36N-0^RY­Q[],8;F79DE.43F2/?@0 	,/.)01+M ﬁ
;U[§01+#PY3F.)DE+/+01?@01+#29ﬀ,8.0C5)5,831Q01.4.)0/.S:9,HC/.&012bﬃ?@0C5/.)0 M/0L;U[§0! 3/;6DE.,82436DE+«:^01+dGCDE+5436M/T1.,8+2Q;60C5<.)TCGCDE?+Q
01+50C5H}Dﬁ/.4+/360C5 ﬀ,8.;U[§01+#PY3F.)DE+/+01?@01+#2V012ZM/0V;U[§0C5)243F?J,82436DE+aHU,83F2)0M/0GC0C5ﬃ.)TCGCDE?`01+5)0C5(,0 n3F+542,8+2)5
/.)TCGCTCM/01+#2)5S:.)0/.)01+ﬀ,8+#2@,83F+543O;60C5GCDE+5)36M/T1.,82436DE+5M/0C5?5UQ>GDE;6DE7(0C5SRXx;OT1;W,8®`DE.)0J;60%GCDE?DE.42)01?@01+2
@,EM/Dﬁ/2)01.XN-«[],/.,83F224.)Dﬁ/P9T/+©,8;F79DE.43F2/?@0M/0./.)DE7^.,8?d?J,82436DE+cM@QY+ﬀ,8?d36N-0^R LDE+G1.12)01?@01+#2S: /+0
N-ﬀ,8;F3F2)T3F+/3F243W,8;60
Q(s, a)
GCDE.4.)0C5DE+M,8+2ﬀ/+=+DE?®/.)0P)Q:
	ﬀ
N-01;6GCDE+N0^:>0C542O¬ >TC0*`Dﬁ/.LG+ﬀ,EN-0
GCDﬁ/;60R-S)6

)
[
	
	ﬀR<­[],8;F79DE.43F2/?@0=3F+#2)01.,87^3F2@,CP90CGA;U[§01+#PY3F.)DE+/+01?@01+#2@012.)0CBCDE3F2=ﬀ,8.HIDE365M/0C5.)TCGCDE?+Q
01+50C5SR>­z,dNﬀ,8;F3F2)T	M\[ /+0V,EG12436DE+a0!,\0CG12TC0_=/+3F+542,8+2JLPE, 9124.)0VGCDE.4.43F79TC0.ﬀ,8.;W,P^,8;60/.ﬃM/0(GC01;F;60
M/0	;U[],EG12436DE+c0! /TCG/2)TC0J;U[ 3F+542,8+#2PUTWV012XM0a.)01+>H}DE.)GC01?@01+#2	T1P901+#201;<H}Dﬁ/.4+/3 ﬀ,8.Z;U[§01+#PY3F.)DE+/+01?@01+#2SR
L01242)02)0CG+/+/36N-0Z0C542?d365001+Oﬂ/PY.)0,%24.,CP901.)5 M\[],8;F79DE.43F2/?@0C5L2)01;65N0;60$X QU;60S,8.4+/3F+/7bDﬁJ;60Q>,8.)5,>R
­«0C55UQY5)21?@0C5	M/0dG1;W,E5)5)0/.)5;0/P901+2 9124.)0dP35	GCDE?d?@0/+Ł,8;F79DE.43F2/?@0%M\[],/.)01+#24365)5,8790%M\[ 3F+WQ
2)01.,EG12436DE+ﬀ,8.@.)01+>H}DE.)GC01?@01+#2S:O3F+G1;Gﬀ,8+#2AM/0C5d?@TCGS,8+/3654?@0C5JM/0n79T1+T1.,8;F365,82436DE+Ã012JM/0=?@T1?@DE.4365,82436DE+
01.4?@01242,8+2ﬃM/0Z24.,83F2)01.ﬃM/0C501+#PY3F.)DE+/+01?@01+#2)5ZM/0X7^.,8+M/0X2,83F;F;60^:>+DE+nM/T12)01.4?d3F+/36542)0C5S:ﬀM@Q+ﬀ,8?d36N0C5012
01.)B5VM/0bH},EBCDE++DE+?J,8.89DSPY3601+/+0(YR\­Q[ /+´M/0C5	DE® 40CG1243HI5M0?@TCGS,8+/3654?@0JM\[],/.)01+24365)5,8790%0C542VM/0
Z/[
oq>vnPj+]qy>h lPhgq]\ vlPkghmf;hgqn;o_^mn^ej+qn8lPay>x>j+nPh{oRl;w+hgi;{)i5sYk
|)]w+v]x)hmiy)ovq>i;y>hmi ha`Y{6^mlPj+hgq)kmhgi;yﬀz op{){>lPhmqanPj+i8iPop]h
ovq)j+fopw9~cbAdYj+q>q)hml>gefag hgi^ha`Y{6^mlPj+hgq>kghgigv{]xYlPi8x)j+u]opqn^wrhmi^n8l
oUuvovx`y>hKh`oUuaw+pu~5gTiﬃi8xYl^w+h(kg]q)y>j nPj+]q)q>hgf;hgqnU
f;]qn8l
ovj+hgqnkjx)h£i8j;y)opq)ix)q>hi8j+nPx)opnPj+]q yY]q)q]^gh]x)q ovq>j+fovwﬂlPhmkghguvovj n x>q)hl^gkgvf;{hgq)i8h£vx x)q)h£{>x)q)j nPj+]q
y]^g{hgq)y)opqaney>hwz ovkmnPj+vqﬂjx9z j+whmqan8lPhm{>lPhgq)ovj nU(j+w ov{>{>lPhgq)ovj n{YlP]plPhgi8i8j+uThgf;hgqn$l£k
|)vj+i8j+lew+hgi ovknPjrvq)ieov{){pl8n
ovqn
wrh fo"`Yj+f x>f y>h6l^gkm]f;{hgq>i8hgig8mweopl8lPj+uvovj n6yY]q)knl ovi8i8kmjrhl3i8j+nPx)opnPj+]qhmn ovknPjrvq{opl f8^gf;vlPj+iPoRnPjrvq hmn
wz opf8^gw+jrpl
opnPj+]qy>h(i8hmi {hmlo\ vlPfovq>kghgi7^mn
ovj n7\ vq)kmnPj+]q yYh wz j+qnPhgq)i8j n^ y>hgi^l^gkgvf;{hgq)i8hmiOhmn y>h(w+hgxYlOl^m{6^mnPj nPjruaj n^]
[
hgi
{)i5sYk|>]w+]vx)hgiqp hgi8kgvwrohmn  ovvq)hml vqn {>lPv{]io^gi x>q)h ^jxopnPj+vqlPhgwroRn
ovqn kghgi f8^mkUovq>jri8f;hmigCrﬃ]w+fovqhmn vqtsgjud
~5UevŁaﬃqaxovq>kgtmlPhgqn^wz hav!hmn y>h(wrol^gkm]f;{hgq>i8h(hgq f;]qn8l
opqan*jax>hLw+hgiOovq)j+fopx]`f8^gf;vlPj+iPopjrhmqan^w+hgxYlKhgqauYj lPvq)q)hmf;hgqn
y>hw\o"xg]qewoRnPhgqnPh hgqewz ov}>i8hgq)kmhﬂyYh l^gkgvf;{hgq)i8h hn {]x)uvovj+hgqn ha`Y{>wrvj nPhml kghmn8nPh f8^gf;plPjriPoRnPj+]qQlﬂ{]i5nPhmlPj+vlPj
y{z
q;{YlP]vl
opf;fopnPj+]q yYsYqopf;j,jx>h]Rw+h f;ayYtgw+h y>h wz hgqauYj lPvq)q)hmf;hgqn^hgi5n {YlP]})ov})j+w+j+i5nPhq|Tx)q>h({>lPv}ov}>j+wrj n^ y>h ]ovj+q;hgi5n
ovi8i8kgju^ghWlk|)ojx)hﬂovkmnPj+vq hgq_\ vq)kmnPj+]q y>hﬂk|)ojx)h ^mn
opn hn x)q>h opx>n8lPh {YlP]})ov})j+w+j n^ kUoRl
ovkmn^mlPj+i8h;wz ^mn
opn l^mi8x)w n
ovqn
yﬀz x)q>hopkmnPj+]q ~ha`^gkgxYn^ghWl{)opl8nPj l;y!z x)q}^mn
oRn;y>vq)q]^R
[
hkUopw+kgx)w yYh wro kgvf;fovqyYh;hgi5n })ovio^ i8x>l woy^a~q>j+nPj+vq
yﬀz x)q>h_jax)ovw+j n^ovi8i8kgju^ghovx` kgvx){>wrhmiPcN>(aM>")
[
oy^a~q>j+nPj+vq6y>h kghn8nPhkjx)ovw+j n^y]^g{hgq)y0y>h wro q)opnPx>lPhyYh
wz v{>nPj+f;j+iPopnPj+]q~]{>nPj+f;j+i8hmlLy>hgiOTovj+q>iLf;Ushgq)igTi8x>lLw+hwrvq) nPhmlPf;h]]i8x>lLx>q|)vlPjusgvqW~)q)jvxjrq~q>j (mwhgi5nL{]i8i8j+})w+h
y>h{>lP]x>uThmlewz v{>nPj+fovw+j n^ yYhwrokg]f;fopqyYhkgovw+kgx)wu^ghv{h{>w+x)ig wz hgqauYj lPvq)q)hmf;hgqn$^mn
opqnehgqnPj+tmlPhgf;hmqaney]^~q)j
ovx)kmx)q)hi8jrfﬂx)wropnPj+vqq9z hgi5n qt^mkghgi8iPovj lPh]

[
o kUop{opkgj n^ﬂyYhŁ]oŁﬀMMN}So toN]5](y!z x>q)h hmqanPj n^ i8h i8kgj+q)y>h i8hgw+]qy>hgx` n sY{hgiw|

wrhmi(jrq\ plPfopnPj+]q>i(ha`an8l
ovj nPhgi y>hwroﬂ{hmlPkghm{>nPj+]q j+f;f8^Uy>jropnPhy>hwz hmqanPj n^/\ ]xYlPq)j+i8i8hgqn(nP]xYnPhgiLw+hgi(j+q]\ vlPfoRnPjrvq)i
qt^gkghmi8iPovj lPhgi {vx>lKk
|)]j+i8j lOwo f;hmjrw+w+hgxYlPh ovkmnPj+]qy>ovq>i^nPvx>nPhgi^w+hgiKi8j nPxopnPj+vq)igTvx9]hgq y!z opx>n8lPhgi^nPhmlPf;hgigvk
|ojx>h
ﬀ!ﬀUrﬀﬀﬃ!9T ¡9>Uﬃ£¢>>¡ﬃUﬃ
M
Ä8Ä
 !!ﬀ   
 
Y 

g

  Y ﬀ

9UUY!

!!¢>
`
U>vT! 9
`

`



HU,CP9DE.4365)01.ﬃ;U[§01+Gﬀ,3]6+01?@01+#2(M/0(G1;W,E5)50/.)5SRsLDE+G1.12)01?@01+#2S:DE+HC5436DE+/+0(;60C55RQY5421?@0C5ﬃM/0(G1;W,E5)5)0/.)5ﬃ012
;U[],/.)01+24365)5,8790=ﬀ,8.(M>32,`T1.)01+GC0b2)01?`DE.)01;F;60d01+,E5)543F?d3F;W,8+2./+01+501?V®/;60dM/0bGCDﬁ/;60C5 -()6  )
[
	
oﬀ 
/+ÂG1;W,E5)5)0/.SR 3 ;U[§DE+ /.)TC5)01.4P90=;W,©+DE2436DE+-M/0=.)T124.43F®/2436DE+-H},83F2)0=T/365)DYM>36N-01?@01+26ﬀ,8.d;U[§01+#PY3F.)DE+/+0;Q
?@01+2S:3F;0C542D^5543F®/;60=M\[],E5)5)DYG13601.Gﬀ,EN0nG1;W,E5)5)0/.=/+0=H}DE+G12436DE+-M\[ /243F;F3F2)Tn543F?d3F;W,83F.)0 ©GC01;F;60nM/0
;U[],/.)01+24365)5,8790Dﬀ,8.J.)01+>HIDE.)GC01?@01+2A012@M\[§DE®/2)01+/3F.AM/0C5%,/.)01+#243655,8790C5%M\[§01+G+ﬀ,3]6+01?@01+#2M\[],EG12436DE+5SR
­Q[ /243F;F365,82436DE+M0n5UQY?V®`DE;60 `01.4?@012ﬃM\[],EGCGCTCM/01.e;W,b79T1+T1.,8;F365,82436DE+«RX0(?1?@0^:/;W,.)0/.)TC5)01+2,82436DE+
M/0C5OG1;W,E5)5)0/.)55Dﬁ5Q;W,XH}DE.4?@0M\[ /+0ZGﬀ,3]6+0ZM/02,83F;F;60,/.436DE.43N01;6GCDE+N-0^:-01.4?@012LM\[ Qd3F+#24.)DYM0/3F.)0ﬃ;W,
?@T1?@DE.4365,82436DE+AM/0C5 /36542)DE.436N0C5SR50C542)0³X.)T17^;601.Q;60 /.)DE®/;ﬃ1?@0M/0;W,(M/T¬+/3F2436DE+AM/0C5 /36542)DE.436N0C5012M/0C5
79T1+T1.,8;F365,82436DE+5?`01.4243F+01+#2)0C5SR
	+Ł0!,\012S:\;U[§DE® 40CG1243HﬃM/0d.)TCM0G12436DE+KM/0@;U[§0! 0/;6D^5436DE+ŁGCDE?®/3F+ﬀ,82)DE3F.)0 ﬀ,8.
GCDYM,879079T1+T1.,8;F365,8+#2(3F?/;F36N0dN-02)Dﬁ5X;60C5XG1;W,E5)5)0/.)5Wt!N!N
+>N!d+05DE+#2ﬂﬀ,E5X.)0/.)TC5)01+#2)TC5R(X;H},/2
M/DE+GM/0C5&?@TCGS,8+/3654?@0C5OM/0
FﬀGﬀH
.@I>JKC<E012M/0
G
E
G
B@AJOC<EVM/0G1;W,E5)5)0/.)5SRL0C5&?@TCGS,8+/365)?@0C5Q+«[§0! >36542)01+#2
ﬀ,E5X01+,/.)01+#24365)5,8790=ﬀ,8.XM>32,\T1.)01+GC0b2)01?`DE.)01;F;60d012*`0/P901+#2124.)0dT1;W,8®`DE.)TC5X01+H}DE+G12436DE+M/0bM>32,`T
.)01+2)0C5<9Q`DE2 C5)0C5GCDE+GC01.4+ﬀ,8+2;W,	+DE2436DE+M/0ZN-ﬀ,8;F3F2)TXM\[ /+=G1;W,E5)5)0/.SR	+>¬+«:3/+AG1;W,E55)0/.O.)0/.)TC501+#2)0
/+0X? /;F243F2M/0M/0	GCDﬁ/;60C5P-()6  )
[
	
oﬀﬀ:/;G54360/.)5G1;W,E5)5)0/.)5P9DE+2M/DE+G	M/TC5)3F7^+01.ﬀ/+0V,EG12436DE+n36M/01+
2436N0^RX0=HU,EBCDE+-.)TCG13G/.)DN0^:9/+ÃT12,826D^5543F®/;60nM/0;U[§01+P3F.)DE+/+01?@01+2=5[],ﬀ,8.43601.,,CP90CG /;G54360/.)5
G1;W,E5)50/.)5SR#_&,8.GCDE+5)TCN-01+2S:Y;W,VG+ﬀ,3]6+0ZM/0ﬃ.)T124.43F®/2436DE++«[§0C542:/;G5L;F3F+TS,83F.)0XGCDE?d?@0Z01+=,/.)01+24365)5,8790
ﬀ,8.M>32,\T1.)01+GC0(2)01?`DE.)01;F;60^:/?J,8365ﬃ,8.4®`DE.)0C5)GC01+#2)0^R­,b2)0CG/+/36N0	M/0(M>365424.43F®/2436DE+aM/0C5
G
J9BKCﬀJOC<E^D
;W,>/;G5GCDE+/+-0A0C542	;U[],8;F79DE.43F2/?@0=M0ﬀﬀ8'
[ﬁ
Sﬂ8
ﬃ5)53C ﬁ9:z?J,8365V+Dﬁ5,8;F;6DE+5?/.)TC5)01+#2)01.bM\[],/24.)0C5
P^,8.43W,8+#2)0C5SR\­[ 3F+#24.)DYM0G12436DE+ŁM/0b;W, 
G
JﬀBKC9JKC<Ea012	M/0;W,!
G
E
G
B`AJOC<Ea?@DM>3¬ﬀ0b;60bGTQ>G1;60b79T1+T1.436N-0
M/0ZH}DE+G12436DE+/+01?@01+#2XM/0C55UQ>5421?@0C5M/0(G1;W,E5)50/.)5N-/30C542ﬃ,8;6DE.)5GC01;G/3«.)0/.)TC5)01+2)TV01+¬7(/.)0;BZR )R
"

x "K`)À<4bﬁ$ # ﬁ`ﬁ $&%<ﬀ`ª< $ *À<ﬁ $ 
 ('  ) &L!& ﬃ^ﬀ K'3"  O' ﬁ"!P&('') K 9'
_<Dﬁ/.@Gﬀ,EN0=G1;W,E5)5)0/.S:<M/0C5;ﬀ,8.,8?6124.)0C5601.4?@01242,8+2bM/0AM/T¬+/3F.b;W,aNﬀ,8;F3F2)T=M/0J;W,a.17^;60A5)DE+#2
M/T¬+/365SR Xx;65 `01.4?@01242)01+#2-M/0 /.)TCG1365)01.K;60C5´?@TCGS,8+/3654?@0C5ÂM/0
F9GﬀH
.@IYJOC<E:M/0*
G
E
G
B@AJKC<E¥012KM/0

G
JﬀBOC+ﬀJKC<ER+,+6`0/2S: ﬀ,8.0! /01?/;60^:01+/.436G+/3F.</+0.17^;60,CP90CG /+0P^,8;60/.OM/0.-Oﬀ
[

I
36M/01+#2436N0e
;W,dG1.)TS,82436DE+©M/0	2)Dﬁ5ﬃ;60C5ﬃG1;W,E5)5)0/.)5012ﬃT1P9DE;Gﬀ,8+#2(,GCDﬁ/.)5M/0(;U[],/.)01+#243655,8790^R0/ﬃ3F+543
R = (C,A, f)
R
(,8+5AGC0GS,E5S:O;W,HIDE+G12436DE+¨M\[ /243F;F3F2)TcM/T¬+/36001+ X1U;60S,8.4+/3F+/7: `0/2 124.)0,E5)543F?d3F;6TC0;W,H}DE.)GC0M/0C5
G1;W,E5)50/.)5SR/­z,dNﬀ,8;F3F2)T	M\[ /+0(.17^;60(3F+3 01+GC0VM/00 n,E50CG12)5M0n5RQY5421?@054
.
;W,
FﬀGﬀH
.@I>JKC<EVM/0C5G1;W,E55)0/.)5QM/03/54@2	P901.)5N/P792:^0129ﬀ,8.QGCDE+5)TCN01+#2;60GCDE?`DE.42)01?@01+#2 XGCDﬁ/.42
2)01.4?@0	M0a5UQ>5421?@054
.
;U[§0! >24.,EG12436DE+¨M/0C5JG1;W,E5)5)0/.)5%M/0 /
1ﬀ2´5)01.4PE,8+2JM/0n®ﬀ,E50C5%,0 Á,8;F79DE.43F2/?@0C5=M/0ﬀ
G
E
G
B`AJOC<EKD
,
[
76t
8ﬃ ﬁDﬁc,8;F79DE.43F2/?@0C5(79T1+T12436N0C5S:
[	I
R`G139x,/.C5vM012ﬂﬀ,8.XGCDE+5)TCN-01+2(;60bGCDE?DE.42)0
?@01+#2e;6DE+/7J2)01.4?@0	M0a5UQ>5421?@0^R
{hmlPkmhg{>nPj+]q kmvl8lPhgi8{vqy_l;x)qQ^mn
oRn yYj+i5nPjrq>kmnU6 opq)i kgh kUovig!wz hgqauaj lP]q)q>hgf;hgqn hgi5n8N;:Nc y>x{vj+qany>h
uax)h yYh wz hgqnPj n^]Cg hmwrw+hkgj@qﬀz o {)ovi }hgi8]j+qy>h f8^gf;plPj+i8hml wz |>jri5nPvj lPh y>xei5s>i5nPtmf;h {]x>lkgvq)qo=<rn8lPhwz ^mn
oRn y>h
wz hgqauaj+lPvq)q>hgf;hgqnOl x>qej+q)i5n
opqanyY]q)q]^]Yi8hgx)w+h iPo {hlPkghg{>nPj+vqj+f;f8^Uy>jropnPhsi8x> nﬀ
?

w+hgi j+q\ vlPfoRnPj+]q)i ha`an8l
ovj nPhgi yYhwro3{hmlPkghg{YnPj+]q j+f;f8^Uy>jropnPhNyYhwz hgqnPj n^ \ ]x>lPq>j+i8i8hgqn£y>hgij+q]\ plPfopnPj+]q>i
{)opl8nPj+hgw+w+hgiei8xYlwz hgqauaj lP]q)q>hgf;hgqnU: ovq>i kmhkgovigLj+whgi5ne{vi8i8j+})w+h&jxﬀz j+w ha`Yj+i5nPhyYj v5^mlPhgqnPhgii8j nPxopnPj+vq)ijax>j
op{){oRl
ovj+i8i8hgqnkg]f;f;hjry>hgqnPj jx)hgi{vx>lwz hgqnPj n^] qt^gkghmi8i8j+n
opqn yYhgiovknPjrvq)i]{YnPj+fovw+hgiy>j v5^mlPhmqanPhmigh`oRl
kgvq)io^jx>hgqnUwz hmqanPj n^ﬂq)h{hgx>n{opi k|>]j+i8j l wro f;hmjrw+w+hgxYlPh opkmnPj+]qhgqq)hkg]q>i8jy^ml
ovqnjx>hi8hmi j+q]\ plPfopnPj+]q>i
i8hgq>i8vlPj+hgw+w+hgijrf;f8^gy>jropnPhgig
[
z hgqauYj lPvq)q)hmf;hgqnhgi5nyYj n 6N&8N;:Nc£yYx{vj+qan y>h uax>h y>hﬂwz hmqanPj n^]+@O~q
yYh {]x>uT]j ly>j v5^mlPhgq>kgj+hml kghgiO^mn
oRnPig)kghmwrw+hBAkgjﬃy>vj+n {YlPhgqyalPh hgqkm]f;{>nPhi8]q|>j+i5nPvlPj jx)h hmn {hgxYn x>nPj+w+j+i8hmlx>q)h
f8^gf;vj lPh ha`Y{)w+j+kgj nPh;~ lPhg]j+i5n8lPh j+qnPhmlPq)hU(vxej+f;{)w+j+kgj nPh;~k
|oC<q)ov]h hmqan8lPh w+hgi y^gkgj+i8j+]q)i

DEE
¸GF>ﬀ ¹  !º!
   !¢>Y ﬀ

ﬀU
&('g),+ﬁ- /[/21436587:9<;f=V>o@CB DI9HFf>G69HDª36JLK
M6NCM
&LO]P?Q:R]R
M[STMVU?W?X:Y[Z]\
P?QV&
M?Y[N ^X`^
&Calab- /[/ﬁ7?3h7:=?d G[9ªDª36J @[;1d G6K4Kh;=?>hKDEJLDI9ªDªG6d ;
i?j
M
P
U NﬂY
&,k
Y6NTU
k
Y
/[/21f>hDE9<mf>;o@[;o9H;f>h5oDEJ:G6DIK43[J pr9H;f587:KAtEtIt u
&v'g)&yxCzn-
/[/{[|~}V|[]ffq0t²1g3f@[GfŁ0;b@[;nd GA7V;f>14;7:9HDª36J

U^
&ﬂa'g)
WLU
Q?k?
U
&
U:
&
YVW
R
^
&Ca.-
/[/[hV0~}[?~fq0G0t²14365s7?G6>G6DIKh36Jq@[;6;9"0;f9KhG6=V~;rŁ[G[>@[;d ;KGh707VG6>hDª;5;JL9HKA@0G6JLKﬁ 6
¡
^
&Ca$'g)¤£CQ?&

j
OLP?QLR]R
M0STM0U?W
R
^

U^
&ﬂa¥
X`^
&ﬂa¥4O
Y
£
Z
Q
W
Q
M
R
Y[N
ao-
/[/ [§0§~}[~]ff2[	[|~}]h
 ft1>*Fg;f>A@[;fK>mrŁ[d ;fKKVB Gh7[7?G6>hDIG[JL9 G6~;g10ﬁprK4D .fDª@[;36= 1>hDI9H;f>hDI3[J:hu
M0S(^
¡
R
M]U,0WTM
&
U?WTM?Y6N
+
0W:M
&
U?WTMVY[N
zya¹&
j
U0N
¡
^
&ﬂa¢'g)
VYLU?W"^

U^
&Ca¥
X`^
&Ca¥gO
YLU?W:M6N
ab-
/[/¦6§[¨~|0f]ff ²©0tKhFfd ;41f9HDI36Jﬀ@0;K>mrŁ[d ;fK@[G6JLK*«~
¬"^
&Ca$'g)­R
U
P
U:
&LOLPVQ:R]R
M0S:MVU?W
R
^
¡
^
&ﬂa¥h®?¯LP
U:
&
M?Y6N
a-
/[/°Vf]ff?³ﬂ±:t;fJL~36DI;o@[;odrB G[1f9ªDª36J³DIG[´

Y^
&ﬂa'g)yR
U[N
k?µ
S]S]U:
&
YVW
R
^_¬^
&Ca,ao-
/[/0§~6}]ﬁﬀﬂ[]ffﬃ 0t>F414;7:9HDª36J2@[;nd G>Ff9H>hD!=V9HDI3[Jﬀ@[;ndrB ;JLDE>3[JLJ:;5;JL9
W
'g)
WLU:VU:MLUVX
Q#"
YVS]S"^
&ﬂa-
/[/0§~6}]ﬁﬀﬂ[]ffﬃ%$#'&6t²@6DEK49H>hD!=?9ªDª36Jﬀ@[;nd Gﬁ>Ff9H>hD!=V9HDª36J³G6=(ﬁ1fd G6K4K4;f=?>hK
X`^
&Ca$'g)lk
M
R[&
WTM)]\
&
U
O
WLU
k
M
&
^W
¥
X`^
&Ca¥
X`^
&+*Lz?a¥-,:¯?&
WTM.)]\
&
M?Y6N
a-
/[/ [§0§~}[~]ff%$#ﬀ° /10 /n'26t²Ff;fJL9H=?;fdEd ;5;fJL9 prKh;fd 36Jﬀ9 u=?J438d Ł[3[>hDE965V5;87`~36d =?9HDI36JLJLDIK49H;;fK49=?9HDEd DEKhFnKg=?>ﬁ6
M0S(^ 0WTM
&
UVWTM?Y[N:9
a&
j
U0N
X`^
&LxCz?a'g)
WLU#TM
R
U
,
\
P
U
R
^ X`^
&Ca¥
¬
P
:YVW:M
&
j
£
U;
µ
:Y
P
\
&
M?Y[N?NCM
R0&
U
ab-
<>=@?ACBEDGFIHKJ2¶MLONPRQTS STQTNVUONW UOX#LNY+Z	[Y+Z]\!NL^LNWTZ^XZ	[W_NL`QTP p	 \!NVQ` P YL	TLaZ¸bGNcQTN \1[dL	LNP U	LM[W W U	NY'[Y+Z
\1[dL	Le1f+P Ndg
b[],/24.)0C5ﬃG1.43F21.)0C52)01;65ﬃN0(;W,d5`TCG13¬ﬀG13F2)T,7/.)Dﬁ`DE.42436DE+/+01;F;60,+DE?V®/.)0M/0kHdDﬁaM/0 #	N0	GCDE+#243601+2
;60(G1;W,E5)5)0/.vM Dﬁ;W,/.)TCM>36G12436DE+M/0ﬂﬀ,83601?@01+#2S:5)DE+2 /243F;F365)TC5SR
(' v hjiKﬁ@&ﬁ'   %"  lkCmonEprq sMtvuRw
­]xzy|{~}+E@y|xEx
F9GﬀH
.`IYJOC<E xy|x8Łx!,8x~}Cx@x + xﬃExzaŁxCxyV®E@xExﬃ}-xE
+@{~6/54ﬃ2 aŁxCxy®E@x /8792o­Mx~4}-xEEx /84ﬃ2'4xTﬁ{~ + -Cx_}}E{+'
}~CC{ExT@x~ER- +@x
_
[
	
oﬀd+@x x~}@x~Ex~T@x~0yy|x Cx
VCx}~y®E+@Ex~>++y6x~zEx~}-xEEx}+-CxKCxﬃx~>E@{~xKﬁEE{¬CE
@xE{@x~}_{T
	 x 8Łx! 3E@+@]>}~x }x¡x~?E@{¡vx~}xy|x'rﬁE¢{@x~}@ECx
aŁxCxyV®E@x3/P792o 	£ x¤8Łx! 3E@+@]ﬁEy|{~}+E@y|x¤Ex4ﬁCxEx-¥¦ECx~§x~` {C{+@xy|xR
E@-C{Tr}~x¢-E`TE¬xCx¢}Cx;CxG ECx?EE®8®E{?Eﬁ@ECx@x ||{@x~}_{
8 x¤{@x~}@EC{TGx EGCTEx~£y|{~}+E@y|x~£Ex
G
JﬀBOC+ﬀJKC<Ex£Ex
G
E
G
B@AJKC<ERcE@C{~
(' ©¨ hjiKﬁ@&.
'   " «ªm_s¬]t­®sMtvu w
­M{F®E@]`rx@{~x ﬁ
[
13ﬀ
	$)ﬀ!"!N
ﬃﬀ9? : #oy|_v1¯x@x~G¥ﬁ}~x~°Ex~°}-xEx! _@+'
C+C- rﬁE-+@ /P1ﬀ2o(­M©{+@±Ex²-©{F®E@±Ex²aŁxR_ECxy|xR«¥ﬁ @x³ﬁ
E{#¥ﬁ @x@x~T@x~ x@³@xE|x!1¡}}{~d­]xJEE®Eﬃy|xzEx-{F®E@´x_@xRlE{~}@Ex
µ/[
h f8^gkUovq>j+i8f;hy>h;lP]x>heyYh wroQ\ pl8nPx)q>h hmi5n x)q>hf8^mn
ov{>|)vlPh;¶£jrw:\ovxYn j+fop]j+q)hml x)q>hlPvx)w+hmn8nPh y>h kUopi8jrq>i8x>l
woNjx)hgw+w+h hgi5n({>wrovkU^ k
|opkgx)q yYhgi ^gwu^gf;hgqnPiLio^mwrhmkmnPj+]q)q)ov}>wrhmig)wro {)wrovkgh ovkgkgpl
y]^ghwlk
|opkgx)qW^mn
ovqn({YlP]{pl8nPjrvq)q>hgw+wrhwl
iPo io^gw+hgkmnPj+uaj n^]
z
q)i8x>j+nPh wro }>jrw+w+h hgi5n wrovq>kU^gh hmn wz hgqyalP]j n #¶hgw+w+h igz opl8lPdmnPh j+qyYj jax>h wz ^gwu^gf;hgqn io^gw+hgkmnPj+]q>qt^]
ﬀ!ﬀUrﬀﬀﬃ!9T ¡9>Uﬃ£¢>>¡ﬃUﬃ
DE
M
 !!ﬀ   
 
Y 

g
 
Y ﬀ

9UUY!

!!¢> FYU>vT! 9+F> FY


Cx@x~£'c@x~T@x~4-Ea.E|xyCcRRc{{C{~}~x~+x~cxV01¡+Rx~:rﬁE4+xCvx @x®E
ﬂE xyCQUT=o }+'4Cxv2,8{xRx~4T@x~4R{{K} x~°}+-Cx  +Cc- x~}Cx}+Cx
Ex%®EC+C=E«-8®9Q''CxT£ xExExy¡+CEx|-Cx@¢y|ﬁE xy|xR6E{~}~{~ExR¡'=rxy@
8+xCvx@xX®E­M=EG+Ex~K+ Ey|x~y|_v1¯xRK-¥¦}~x°Ex~}-xE
 (' h iKﬁ@&ﬁ
'   %"  m'wmE¬_sMtvuRw
VKEx~GE® .x~}1¥ﬁGEx~ UQ_y|x~KEx}-xE Ex+'x~GExyxG@x¢CyV®ExExT@x~
xEy¡+R@x~4y|C¤x!1¡}}~x~'y¡+@{R+@xy|xR x}Cx}++REx~Vy|x@xEx~]x~4y|x@xEx~
T@x~ R}~x@x~K-E]' @x~ﬀEGC  {C{+@+Rx~ rTF®E@x~¤ﬁExzaQR+R ECxG¥¦}~x°y¡/ _y¡+@xT
 ﬁE°}~x-Ex0 zy|{~}+E@y|x~ Ex¢ {C{+@]Mx@{~x ﬁ N'E+>@3ﬀ
!
[
 6t
	 #oRﬂE@{~A4o+T
0 ﬁ
[
76t(N
<+ﬃ # xEx~k)ﬀ+ ﬃCﬀN
	
\
? N!ﬂﬃC-(-(	
o%('*!#
.
Mx ﬁ
[
76ﬀN
<+ﬃ # xy|xEx }{~xEx~ T@x~@]C}E}-xE¡Cx +@x -
rx}~xE@Ex aŁxR_ECxy|xR 4x-¢TE1¯xG-Cx -?rﬁE-+@ /
1ﬀ2=T~Ex ECyV®Ex
C01¡+R ExT@x~Dxy|x+REx EﬁTxDECx }@x-+ x²-³+@]]x
ﬁ
[
76ﬀN
<+ﬃ@#rxE{R+@xy|xR}{~x¤Ex~4T@x~@Cx @x~4+{~Ex~¤}-xE¤+@{~
R`}~C@E{{~x~`C01¡+Rx~d +CM@x~^Ex0 °}dExcCﬁE x@x~MT@x~`R`}{~{~x~` x~}9ECx
+@x}~Cv@ ,¦vME{~+x!,¦vM5EGC£ﬁ|y|C£ {C{+@+RxT +CV}~x¤}T-*EE®8®E{
8ŁE®ExE E* x~E ++y6x z¯ vxMK+@xﬃ}@´x~|}C@@xﬃ+@{+xy|x'
x- -/ﬀ
[

I
xE$x¡-y|aQ xECxEx~ ¥ﬁ}~x~Ex /P1ﬀ2o XOy¡+TCC;+¢x! vxyE@x|Cx|@x
y|x~+ x8Łx'{~x"Ed x+R¤Ex-.°
0111
MrﬁE-+@ /P192Cx"rT~Ex cExT@x
}~x~rCC+'xT]x ﬁ
[
76ﬀN
<+ﬃ # }{~x ECxT@xER- }~Cv@ xE x
0111
ﬁ
#111
ﬁ
0##1
b4xx|y|{C_Ex rxy|xC+yy|xR|8 E-+@x¢@x¡UQvy|x¡ x~} ECx
rﬁE-+@ /
1ﬀ2 '@Exx|{_x- {C{+@´ExT@x~¡Cx}~x~rCC+'wC}E´{+
rTF®E@x Ex aŁxR_ECxy|xR
.
Mx~ )ﬀ+ ﬃ5ﬀ
	
\
? N! ﬃL--(	
o%('9N! , K-+C] #&%ﬀF4 HG@>®xD#&%('(%ﬀMlR E@{~´}~yy|x
A
H
<BOCYJ!=^.
G
<
H
ﬀJKC<E9EKC!D)J@. ﬁEK {C{x ExCﬁE x@x~GT@x~6+ Ex¢}~x@x~Gx! _@ 
+Rx~ XO@;E@x'¢Ex~ﬁ{+@C{ GE@EE@x~x@x~-Cx¡@x }@xy|x'ﬁ«-ﬃy;
+@ M {@x~}@Ex~¡T@x~cxT+REx®x rﬁE|@x~ ﬁr{+@C  {C{@Cx~cx~
 {C{+@xy|xRKx!,8x~}C{~xﬂ+ Ey|{~}+E@y|x Ex ﬁCx ExK-¥ﬁECxT]x~ + Ey|x~¤ {C{
@-Cx~*xE xR Rx xE E @x~T@x~ x+R C+C /
1ﬀ2ﬁC+C /P792x@z@x~ x 
@CEx UQvy|x°Ex }-xE,©@]@#&%(%) #&%(%6F9M#s4xGy|{~}+E@y|xxy|xKﬃRQ_y|x
Ex dCEx EGCE@Exy|xRK0 xR_ECxy|xR @Q'+y@Cx~M¥¦{~-CxC}~xG8 E@
@Ex~+ Ey|x~¢ {C{@-Cx~ +¢²}TQv}@x¡8 E«RQ_y|x Ex¡}-xEMx~
El¥ﬁ}xE¡yr+' ﬁE+'|3 CxC}~x xCﬀE@xy|xR¡@x~ rx.¥ﬁy¡+C}~x~¡8Ex'@ 
+ xTM{@x~}@D+K+ Ey|x~K {C{@-Cx~"rxE xC}~x x°/1|C{~xTGx0  Qx~Ex
UQ_y|x~Ex|}-xEx¡v@E(CxR!48@x Qx >Fz@}ER+ﬂﬁ ,'yM<#&%('6H!M x°@x¡
Q3rx


ﬁE(ﬀﬁ ,K-+Cxxy¡+M #&%ﬁ'ﬀM#ﬂ^y|{C'Ex  Fﬃ@}+ER+ ﬁlE@Cx@x~
+ Ey|x~V {C{@Cx~x E@+'<E EE@-CxKUQvy|xﬁL}CxT@xKx~:E Cv'@0]
+@¤-Cx }~x@xKEx

ﬁE( ﬁ¡}~C@x*ECv_@0}~yy|x ECx*ﬁE-+@xRﬃxT
G+C}~xExE@x`aŁﬁ{+xE|Ex}@xy|xR|y@x@x~xCxyﬃE@x~¡Ex T@x~dVKCx +@xE
{@x~} xx~ +ﬀC{~x¹|}}ECx¢Ex~ rﬁE-+@CM|y|{C'Ex 

 E( ﬁJrxy|x
+@ Ex@x~ y|xxx}~y{@]oC{+Ey|CG-¡ x~@8 EC^T+CzCyﬃExEx
!
[
hklP]j+i8hgf;hgqny>j+uajri8hyYhgx]` lPtg]w+hgihgq x)qe{]j+qn yYhklP]j+i8hgf;hgqnU
[
h kmlP]j+i8hgf;hgqn^gq>tmlPh x)q>hq>]x>uThgw+w+h lPtg]w+hjax>j
hgi5nﬂw+h;l^gi8x)w n
opn y>h;wro {oRl8nPjrh]ovx)k
|)h y!z x>q)hyYhgilPtm]w+hgi hn yYh;wo{)opl8nPj+hyYlP]j nPh y>h;wz ovxYn8lPh lPtm]w+h]
[
of x>n
oRnPj+]q
kgvq)i8j+i5nPh l f;ay>j ~)hml x)q]xe{>w+x)i8j+hgx>lPi }>j+nPi y!z x>q)hlPtm]w+h {]x>l N^gqt^lPhml x)q)hq)]x>uThgw+w+h lPtg]w+h]
DE D
¸GF>ﬀ ¹  !º!
   F>Y!> ¡9YU 9ﬀ 9

g
 
Y ﬀ

9UUY!ﬂﬀ¢Y¢>Y9
T@x~4Cx}~''@x' ﬂEExR@+ xC}{y|x'+]8 E x''ECxy|x' @Q'+y@CxT
]xy|{~}+E@y|x|ExEx~@ x~°yE@x=E@-] £+T°8Ł{yCx@x~ Cv'@0C°@x~  y|C
rC ﬁTM+{°8 ECv_@0x~x  .xxE{ + 	@x°E{xCEx~  Qx~ 8E@}+@C


 
	ﬀﬂﬁﬃ! "#%$&%'(  "#)+*ﬂ,ﬃﬀ-&./,10"2
0"3,45
M}~yE@x! _{Ex~ Exy@x²UQ_y|x~°x@²Cx³@x 8 #T] EEC{©Ex{~E+
}~C}G+R 	x!,8x@x%8 #DrxE¡dŁxR aQ xGE9ayy|xﬃEx~¡y|x~+ x~l a+@ExﬃEx-@xEx~
y|x~+ x~}~x-G}{~x¤Ex~}TQv}@x~£8 v¥ﬁ{xC}~x~RxCx~4QR+RcxCC+C}~xﬀ E{ x@ﬁrxcx y¡+'xE
Ex~T@x~+x~dG x>EGCd8Ex~6EEﬃy|x~¡'¡{{y@|x³{_@ExC}~x ,7E1¥ﬁ{+@Ex
T@x~E {C{+@{~x~J(
[
rM# 4'+xy|xR«}~x+C0 -EGx~aQ xREx}~ x@x~
E{#¯}@xC}~x~GExx.¥¦y¡+C}~x¢Ex~KRQ_y|x~KT0 ©@z}+C@ ECxE_}Cx¢-E`}~C@x
@x~¡yE1¯x x6EﬁTx@x 
   XO {~0E¡@x~ UQ_y|x~¡T0 0 ³{@{y|xRx~x'@x@
,¦Ex~@Ex°-¢@x°Ex~¤y|x~+ x~vM#EﬁE xﬃ}~CxT+R-yy|x+}Ex~}ExT
"76986;: <>=@?
]x
£,BArxﬃ@x xnV-1¯x9QvxyM¢{{ﬂE{~xR{.+ ©@}~yy|x.EUQvy|xGEx
}-xE Ex¢
Q3x  Fz@}ER+ ﬁ ,©@M #&%(%)9M#/_ ¥¦C}@ECxy|x'x~GxE{~x'{|x ¯C(Ex
BGuFv
Capteurs
selection
d’actions
0011
01
[A]
−1
Env.
[P] appariement
#011 : 01      43
11## : 00      32
#0## : 11      14
001# : 01      27
#0#1 : 11      18
1#01 : 10      24
.
.
.
Classeurs
[M]
#011 : 01      43
#0## : 11      14
001# : 01      27
#0#1 : 11      18
#011 : 01      43
001# : 01      27
[A]
Ensemble apparié
(récompense)
Interne
Renforcement
Ensemble action
Précédent
Effecteurs
Ensemble action
Recouvrement
   AG,
À
Á
Â
Ã
Ä
Å
<>=@?ABEDGFCGJ	TLaZEDbGN QTNGF\1[dL	LONP U.L>QTNZP	W'NHJILK4Q` [WRUMD#LGNPOe!\!LOSdYRQTSVUWUWXWYg
4x QxEx UQvy|xEx}-xEDE@x Ex~T@x~zﬁC-¥ﬁy|x}-@Cx0 GE@x
R = (C,A, f)
^XO E{~}@x @x~¤y|{~}+E@y|x~KET+R$4
ﬀ!ﬀUrﬀﬀﬃ!9T ¡9>Uﬃ£¢>>¡ﬃUﬃ
DE[Z
 !!ﬀ   
 
Y 

g
 
Y ﬀ

9UUY!

!!¢> FYU>vT! 9+F> FY


 	

^
FﬀGﬀH
.@I>JKC<E Ex~T@x~¤x-+ x~2 ECx +@Łx!,8x~}Cx xx+R}~yEx°ExG-
I
ﬀ
[

Ex~>}-xEEx0/54@2]Ex4-"x8Łx! 3E@+@] x@xx~` {C{+@xy|xRVﬁEy@x¤=EC}Grx
ExPﬀ'9P3CJ+ )
I
6	'E




^ 
G
JﬀBKC9JKC<Ex~«ﬁEy@xv E y|{~}+E@y|xE'}+Cx³0 X1 ]x+EE 4 @x  '
[ ﬁ
(
N
ﬃ5)53L ﬁTM {ﬀE@ExﬃaŁxR_ECxy|xRx~|aŁTCxzEx-}@Cx Ex{ﬀE@]4-E
x=+ﬁC°@x~}-xE-Ec';+@}G{ 0 E{~}@xC}Cxy|x'Exa}@]`xxxyCx
+|@x~ }-xE -ERwaŁTCx ExﬁExﬃa}@]£+ Ey|x%,K-+CMﬀ#&%('6HEﬀ#&%('6FﬀM
'Tx.EUQ_y|x {~}~Cy@Cx°C+C¤-?ﬁE-+@ﬃExG}-xE /
1ﬀ2o c @E{~x°x~¤8y@x¤@x~
}-xEKxKaŁxR_ECxy|xR¡Ex~ + x'¯C+C}@xd^¥ﬁ}~x8 ECxT@x;xE +@ﬂxCx
}~yy|x @x }E+¤Ex a+ xR ]x y|{~}+E@y|xEx¡y¡+}+C{y|x¢x E-}~x ECx }~y{@³xRx
@x~+ x'}~C}~xC{~?+°->EﬁT@ ExaŁx''ECxy|x'=rﬁE @x|vEx6+@}Grx
0 «xC}+ x~  ﬁE|}+-Cx}-xE¢Ex /P192^@?++y6x~¡R¢R_0Eﬀ4 ECx=
[]\
B1
ﬀ

o3T(ECxﬂﬁ:)ﬃC
ﬀ
)ﬃL x<ECx! -(	
;'	
oﬀ
ﬀ
ﬀXO@c'VE-+@{~~ x~} ECxK+@xEV-E@xq°}+-Cx
}TQv}@xT

ﬁC;ﬁE C}~C@E{x E«}-xEﬁC-¥ﬁy|x
R = (C,A, f, s, Cbid, Ctaxe, Cr)

]xGy|{~}+E@y|xx~ }~CC{Ex @ {x~ 4
"$#&%
)56ﬀ7&)ﬀ'ﬃ (
[]\
B1N! 4v}+-Cx+ x' }~C}~xC{°EECx.ECx xC}+ x.rﬁE +@}Gx 	@x
}~C@xx E³}+@}E8 ECxT+@xE
ﬀ

	3 ﬁE@x~}-xE{+'¡C+C /84ﬃ2ﬂcŁxC} x
EﬁrT{~x*+¤}CxG}-xE¤x~ Eﬁr@ECx@x5-/ﬀ
[

I
x³¢('6*-
[

 ﬃ
[

	-!,¦EC}
Ex M# 	@xcx~M}+@}E@{~xVx¢ET+R 4
Cbid = (rconst∗s)∗f
 x~}
0 < rconst 6 1
M }~C+'x
rconst
rxEx}~y+{~x0 8ExR@+ x8 Ez+ Ey|x}~ECx! v@EE@xT

+
x! vxyE@xT`aŁxC} xx~E{#¯CE@x +
Cbid = k0 ∗ (1 + 2 ∗ n) ∗ f
~ x~}4H*) 8H*)#C+C
,	 @}+EKxCx+M #&%(%ﬀMVﬁJ+
Cbid = k0 ∗ n′ ∗ f
 x~}_H+) 8*H,) #Gx¤] 4.-±Ex$
C+C, GxB'x x20/+y|xo #&%(%(%ﬀM#
12#&%
)
[
6?W9-(	
<	
oﬀ 4 ECx}~yr{@´x~¢y@xx E-}~x>ﬁEE{xyCx|@x~|+ xR¡+
-CxE M E E{8 x_@}@x0 ©x~ Eﬁ@ECx@x¢«aŁxC} xx-+ xT	@x
}~C@xy}+@}E@x- E E{] E²}-xE|Ex /54ﬃ2 E@xR+TCx ,%y|{~}+E@y|xEx
ﬁCx¡Ex -¥ﬁECxYM# Łx~@x|y|{~}+E@y|xEx
FﬀGﬀH
.@I>JKC<Eo Mx~¢}-xE°C²{@x~}@EC{~
{E-+@xRK@xE
ﬀ

o3y@Hv
34#&%
)P1-)ﬀ(	
		
	ﬀﬂ3CN!Q-(	
'E	
oﬀ*! y|_v1¯xV-°¥¦}~x Ex~4}-xEEx /P792o @x~4+C}@C
Rx!,]}~{~x~ x}+-Cx+ xR4
.
x65~*ECx 1-(	N
'	
	6 3C}+7  6A
<ﬀ9? : >x~*E Ex~ T+C-CxE,%@x~ }-xEGEx
/87ﬃ2ﬃM54M-{ﬀE@
ﬀ
E{xC«Ex¡aŁxR_ECxy|xR¥ﬁﬁEE@+R  ,ax~¢x« {C{+
v'@{ xRx ﬁC@x~ }-xEvM 4
.
Eﬂ)	C !(6 
[]\
B ¡{{³+CCxE ,%@x~ }-xE Ex /8792@M x x65~ ECx
-S	N
'	
	ﬀ 3CN! 6t)ﬀ
%('*('LN! 4x~¹ﬃaŁTCxEx -z+@ ,7E{~}~{~ExRT+CCxE!4
/87ﬃ2}TQv}@x"E{~}~{~Ex'¤C{ /P792
−1
M14'@x~V}-xE4Ex /87ﬃ2¢ R Q x¤@xExC} x~¤x
-|yy|xx|v@ﬀC{~x¢0 ﬃ}-xE2aŁTCx¢Ex-|+@ E{~xRx%/87ﬃ2
−1
84x
y|{~}+E@y|xJxy|x|Ex¥ﬁ @x|aŁxC}+@Cxy|xRExT@x~ﬂ]xy|{~}+E@y|x¥¦C}@ECx
}~yy|x ECx©{~}~Cy@x ﬁLjEx~²xRxE@x~³x }~y{@j{y;E x'³@xElﬁC 
++RvŁxE@}+E@+'ﬁE_@+'4x@Cx @x }~R+¤cxy{Gﬁ¡C]
MKy@x 98ﬁEEx4- ¥ﬁ}~x0}-xE rxEGxﬁEy@x  Ey|{~}+E@y|x¤Ex4/ vxT4xGE9}
vy-Cx -¥ﬁ}~x Ex~¤}-xE¤-ECxG':8+y¡+@¤}+C@@ :¯C8Ł{yCx¤@x~T@x~ ErCx
DE;
¸GF>ﬀ ¹  !º!
   F>Y!> ¡9YU 9ﬀ 9

g
 
Y ﬀ

9UUY!ﬂﬀ¢Y¢>Y9
' 8+y¡+@>' 'C{~x~ ﬀ )ﬃC¤x~5E{@x {~x Eﬁ@ECx@xy|xR  -¥¦}~x¤Ex~}-xE£Ex
/
1ﬀ2 	£{~Ey|{TE--O6
[

I
Ex }Cx°}-xE Ex /
1ﬀ2¡x~4y@x 8.ﬁEﬀ}+-Cx°}TQv}@x Ex
¥ﬁC}@ECxy|xRET+R^-¥ﬁy;E@x 4
f(t) = f(t−1)−Cbid∗f(t−1)−Ctaxe∗f(t−1)+Cr

G |xﬀBxE , #&%(%)ﬃMcy|RxRaŁ{~-ET+@xC}~x xRxG@x  8'
[ﬁ
(N
ﬃ5)53Lﬁ x@xX1 Mx+EE
xﬁETCxR@x ¥a+¢Cx@x y|{~}+E@y|xEx / Ex~ E'0E@xyy|xx!,8xE@x~¢¥ﬁ}~x~-Cx@x
¥ﬁ}xEK8+y|@xy|xRKy@ xDE-}~x°C+C @xkX1 ]x+EEC
 0 
 
M 
G
E
G
B`AJOC<EŁx!,8x~}Cxwa+@Ex¡0 ﬁ
[
 6t
+ﬃR#ﬁ8+ Ey|x~ {C{@Cx~¢E9
-+'³E x©Ex-KﬁE-+@ /P1ﬀ2x´}~C@E{+' -¥¦}~xﬃEx~¡}-xE }~yy|xﬃT+@xE
{@x~} xT4x~ExE@x+T@xRy¥¦{~CxC}~xﬃ}~C+'xT £Łﬁ{+xEExy;E+@ E@xzEx~
ﬂ+x' ﬁ@CVExK-°y|{C_Ex Ex-ﬁCxGEx- ¥¦ECxGE0/P1ﬀ2oMx~VCﬁE x0 }-xEVxy 
E-}~xR @x~T@x~ @x~ EGC¥a+ﬀE@x~E:¯CﬃEx y¡+RxE"ECxﬂﬁE-+@ﬃ}~C+'xTMEx~@
{@x~}@ECx°Ex~T@x~ xDE@+'-¢y|{C_ExExG-ﬁCx°ExG-¥¦ECx°E /P1ﬀ2 xﬃ}~C@E{+'
-°T+@xER xxGExK- ¥ﬁ}~xTM¥¦}~x Ex~4CﬁE x@x~T@x~x~VE-+@{~xﬂ+V-T+@xEVy|YQ xECx
Ex~`¥¦}~x~>Ex~ "+xR ﬁT  +C>@x}0 K}~d xEﬁTx@x¤x~`E-+@{~x +-K+@xE>y|YQ xECx
Ex~¥ﬁ}~x~ E /P192

 
  
4x+C UQ_y|x~ EﬁrTx'K8Ł{xCvx @x~}}{~K0ﬃ
 4
.
@x 

	 ,CFz{y|xYM%,V2,xWKT~=#&%(%6FﬀM 8.ﬁEx ECx²y|{y|x²xy+x³ 
  
<}ECxEx~ +@x~,¦}~Cv@ﬃx}@OMEx~ T@x~ x~ {xC0Cx x~}.ECx ﬁC }+@CxT
M;+@x}~Cv@C}~xEx~ E'x@{~VxT@x~RxV-.+@x }@x~4{xC0Cx
 x~} E x!,8x~}xERxCx«} E@x Exy|_v1¯xﬃ}~x~ﬃxT@x~24xxy|{C_Ex xy|x
8ETy|x'xK@x~ }}{~ Ex~ 
|Ex~ xR_ECxy|xR Cy¡+8 _@xC@4
.
@x 
  ,c4+@OM ,MyC xﬀB E #&%(%(%  M|E{#¯CEEx~@xCxRx @x~ T@x~
<}ECx.T~Ex*E@x x¤-¢T@xﬂE{~}~{~Ex'x°x E@x x¤-T@x°ET+RxT`VKCx
}~+@©x~ E´xCxy E@xzExz}-xE¡@{~ x'xzx0 8M y|{C'ExzExﬃ}@xy|x'
E@xEx~¤T@x~{@x~}@EC{~x~KEx -}~+@]


 
 
4yy|x@xﬁETCx H {+ ,8*6H6H*ﬀM#@x 
x~° 8x° EEﬃy|x|Ex-y¡+Rx+C}~x Ex~
@E(Cx~ }@Cx~8}@C 	x!,8x_@xGy|{~}+E@y|x°8ŁxC} xrxy|x ExG{ﬀCx -¢}+@Cx°Ex~
T@x~¡E R rxy@|8+ x,a}@EﬁT{~xTMx~|}-xE+@{~wEx~|+@C
{@TC{~x~ExﬁEx¡{~}~yrxCx¡'EC}|{ﬀC{~]y¡+@8 ECx¥a 5~ y|Cvx0 }-xE
-E8'¤x ¯CExG}+@CxGy|x+R2-{ﬀE@]]x 
*E@xG-¥ﬁ}~x Ex~¤}-xE¤}~yy|x
+@xE {@x~} x ﬁEGa+ Ey|x {C{@-CxT ]x~G}-xE -E_}@xRﬂECx}@ ﬁEy¡+@x
=ECx°}~Cv@ rxE x'  "ECxG¥ﬁ}~x°y|Cvx-Cx°Ex~K}-xE _}-+RﬀECx}@zC
ﬁEy¡+@x.¤Ex~^+@C EGC@E_}Cx~`8 ECx£ﬁE}~xcEx£{ﬀE@¢x@+`}~C{~CxRM@ArxE x'
xEy|{~ 4x;EEﬃy|xETy|xRx|~ x~}-¡+@xExaŁxR_ECxy|xR]E` rﬁE x!,xGEx
y|'v1¯x-¢+@x y|aQ xECxEx -}@Cx8}@Cﬀxy|x+RK8+xCvx;E E
ﬀ!ﬀUrﬀﬀﬃ!9T ¡9>Uﬃ£¢>>¡ﬃUﬃ
DE
N
 !!ﬀ   
 
Y 

g
 
Y ﬀ

9UUY!

!!¢> FYU>vT! 9+F> FY


" 6E8698   =@?
Mx ,@]
		6FﬀMx~ECx x@³ExUQvy|x Ex}-xE {~xE@xT_
¥ﬁC}@ECxy|xRGx~¤xE{~x'{x¯CExGv^XOM{{ ''ﬀEﬁrﬂEﬃ+@x  EE!y|xEx -
y¡+'x+C}~xKEx~c@ECx~c}"@Cx~48}@C@#EﬂrTxKEx¤Cx$E%CV}~C@E{xc- ¥ﬁ}~x 8 E
}-xE }~yy|x°¢T+@xE {@x~} xT ]x&EﬂrTx Ex xy'E-}~x -¢¥ﬁ}~x 8 ECx T@xTCE{#¯CE@x
E-+@xy|x'$+c@x~4R+C(]Łx@xﬁrxy|x8Łx~{x(+4-&E{~}@@Ex x~)E{~v@}@CExR+]
max
sélection
d’actions
Ensemble action
[A]
−1Précédent
0011
[P]
[M]
#011 : 01      43   .01   99
#0## : 11      14   .05   52
001# : 01      27   .24    3
#0#1 : 11      18   .02   92
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Env.
#011 : 01      43   .01   99
#0## : 11      14   .05   52
001# : 01      27   .24    3
#0#1 : 11      18   .02   92
1#01 : 10      24   .17   15
.
.
.
11## : 00      32   .13    9
p      e     fit
#011 : 01      43   .01   99
001# : 01      27   .24    3
[A]
+
P
fitness,
errors,
predictions
Capteurs
appariement
Classeurs
Ensemble action
Effecteurs
attente = 1
(récompense)
remise
Ensemble apparié
Mise à jour:
  42.5            16.6
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. Cr = C−1 + α ∗max(PA)
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Survie (Puissance Propre : 10) Faim (PP : 4)
VM : 80%
Grégarité (PP : 6)
Si ...    => ... (60%)
Si ...    => ... (75%)
Si ...    => ... (100%)
VM : 80%
IM : 40% Survie + 27% Faim
[être à proximité]
IE : 0
Frapper fort
IE : 0
Corps à corps Tirer
Etat : inactif
IE : 4.06
Frapper léger
Etat : actif
IE : 3.56
Etat : actif
IE : 5.08
Courir vers
IE : 0
Avancer discrétement vers
VM : 80%
M
o
t
iv
at
io
ns
IM : ...% ...
PISTER
Si ...    => ... (...%)
Si ...    => ... (...%)
Si X ne me voit pas                              => avancer discrétement vers X (100%)
Si X me voit                                         => courir vers X (100%)
SC
 C
om
mu
ns
A
c
t
io
ns
Ressources d’actions
Vitesse Attraction de x Animation Puissance de frappe
IM : Intensité MotivationnelleVM : Variable Motivationnelle IE : Intensité d’Exécution
Informations sensorielles
Si x me menace et je suis aussi fort    => ATTAQUER (50%)
Si x me menace et je suis plus fort        => ATTAQUER (100%)
Si x me menace et je suis moins fort     => fuir (90%)
Si ...    => ATTAQUER (90%)
Si ...    => manger (100%)
Si ...    => PISTER (75%)
Si je suis aussi fort                                                                => frapper léger (70%)
Si je suis moins fort                                                                => frapper fort (90%)
Si je suis à distance de tir                                                     => tirer (80%)
IM : 40% Survie + 27% Faim
ATTAQUER
je suis à proximitéSi je suis bon au corps à corps et que                                    => corps à coprs (100%)
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